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PREFACE 



Since LSIs for the microcomputer manufactured first in Japan 
by Toshiba was put on the market in 1973, Toshiba has devoted 
efforts in strengthening -its semiconductor devices for micro- 
computer. Toshib* has been developing various highly efficient 
and low power consumption type LSIs for microcomputers to 
more and more diversifying application fields, and supplying 
numerous kinds of new products to users. 

This manual covers the technical description of LSIs for 
microcomputers supplied by Toshiba, including TLCS-43 Series 
(NMOS), TLCS-46A Series (CMOS) and TLCS-47 Series (NMOS 
and CMOS) 4-bit single chip microcomputer, TLCS-84 Series 
(NMOS and CMOS) 8-bit single chip microcomputer and TLCS- 
85A Family (NMOS) 8-bit microcomputer. 

In addition to this manual, the technical description of the 
microcomputer development system is also available. 

Further, examples of application circuits listed in this manual 
are only for reference in using the LSIs. Toshiba will not assume 
any responsibility for problem relative to patent rights which 
may be generated from use of the said application circuits. 
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TLCS-43 (4 BIT SINGLE CHIP NMOS MICROCOMPUTER) 

TLCS-43 SERIES (NMOS) 



Device 
Number 


RAM 


ROM 


I/O 


Ins tructi on 
Cycle Time 
(Min.) 


-'ower Supply 
Current 
(Typ.) 


Power 
Supply 


Operati ng 
Temperature 


Type 


Al ternate 
Source 


TMP4300C 


128 x 4 


Without 
ROM 


35 Lines 


4 us 


70 tnA 


5V±10% 


-10°CW0°C 


Ceramic 
64 pin 


Toshiba 
Original 


TMP4399C 


128 x 4 


Without 
ROM 


35 Lines 


4 us 


70 mA 


5V±10Z 


-10°C^ 70°C 


Ceramic 
42 pin 


TMP431 OAP 


48 x 4 


1024 x 8 


22 LinGs 


4 Us 


40 mA 


5V±10% 


-10°C ^ 70"C 


Plastic 


TMP4315BP 


64-4 


1536 x 8 
2048 x 8 


35 Lines 


4 us 


40 mA 


5V±10% 


-10°CW0°C 


Plastic 
42 pin 


TMP4320AP 


128x4 


35 Lines 


4 ys 


40 mA 


5V±10% 


-10°CW0"C 


Plastic 
42 pin 


TMP4321AP 


128 " 4 


2048 x 8 


35 Lines 




40 mA 


5V±10% 


-10°C t. 70°C 


Plastic 
42 pin 


TMP4310APL 


48 x 4 


1024 x 8 


22 Lines 


5 us 


30 mA 


5.5V±10% 


0°C\- 55°C 


Plastic 
28 pin 


TMP4310APLL 


10 us 


15 mA 


TLCS-46A (4 BIT SINGLE CHIP CMOS MICROCOMPUTER) 

TLCS-46A SERIES (CMOS) 


Device 
Number 


RAM 


ROM 


I/O 


Instruction 
Cycle Time 
(Min.) 


Power Supply 
Current 
(Typ.) 


Power 
Supply 


Operating 
Temperature 


Package 
Type 


Alternate 
Source 


TCP4600AC 


160 x 4 


Without 
ROM 


34 Lines 


10 us 


0.15 mA 
at 100kHz 


4t6V 


-10°c^ 70°c 


Ceramic 
64 pin 


Toshiba 
Original 


TCP4620AP 
TCP4620BP 


96x4 


2048 x 8 


0.4 mA 
at 400kHz 


4-V6V 


-30°Cv85°C 


Plastic 
42 pin 


TCP4630AP 


160 ' 4 


3072 x 8 


TCP4620AF 
TCP4620BF 


96 x 4 


2048 x 8 


-20°Ci. 70°C 


plastic 
43 pin 
(Flat) 


TCP4630AF 


160 x 4 


3072 x 8 


TCP4621AP 


96 » 4 


2048 x 8 


Plastic 
42 pin 


TCP4632BF 


160x4 


3072 x 8 


57 Lines 


Plastic 
67 pin 
(Flat) 



TLCS-47 (4 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER) 

TLCS-47 SERIES (NMOS/CMOS) 





Device 
Number 


RAM 


ROM 


I/O 


Instruction 
Cycle Time 
(Min.) 


Power Supply 
Current 
(Typ.) 


Power 
Supply 


Operating 
Temperature 


Package 
Type 


Alternate 
Source 




TMP4700C 


256 x 4 


Without 
ROM 












QIC 
80 pin 




2: 


TMP4720P 


128 x 4 


2048 x 8 




2 us 


50 mA 












TMP4740P 


256 x 4 


4096 x 8 


35 Lines 










Plastic 
42 pin 


Toshiba 
Original 




TMP47C20P 


128 x 4 


2048 x 8 








5V±10% 


-30°CW0°C 


CMOS 


TMP47C40P 


256 x 4 


4096 x 8 




4 Us 


5 mA 






TMP47C22F 


192 x4 


2048 x 8 


55 Lines 






Plastic 
67 pin 
(Flat) 





TLCS-84 (8 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER) 

TLCS-84 SERIES (NMOS/CMOS) 





Devi ce 

N i imh P 
HUlllUt: 1 


RAM 


ROM 


I/O 


Instruction 
Cycle Time 
(Min.) 


Power Supply 
Current 
(Max. ) 


Power 
Supply 


Temperature 


Package 
Type 


Al ternate 
Source 




TMP8048P 


64 * 8 


1024 8 




2.5 us 


135 mA 








18048 




TMP8035P 


64 x 8 


- 




2.5 us 


135 mA 








18035L 




TMP8049P-6 


128 >■ 8 


2048 x 8 




2.5 us 


170 mA 




0°c ^ 70°c 








TMP8039P-6 


128 x 8 






2.5 us 


170 mA 






18039-6 




TMP8049P 


128 x 8 


2048 x 8 




1.36 u s 


170 mA 






Plastic 


18049 


rr 
z 


TMP8039P 


128 x 8 




27 Lines 


1.36 us 


170 mA 


5V-10% 




40 pin 


18039 


'TMP8048PI 


64 x 8~ 


1024 x 8 




2.5 ps 


145 mA 








1D8048 




TMP8035PI 


64 x 8 






2.5 us 


145 mA 




-40°Ci.85°C 




iD8035 




TMP8049PI-6 


128 x 8 


2048 x 8 




2.5 us 


170 mA 






1D8049 




TMP8039PI-6 


128 x 8 






2.5 us 


170 mA 








1D8039 




TMP8243P 


I/O Expander for TMP8048P/TMP8049P 


20 mA 


5V±10Z 




Plastic 
24 pin 


18243 




TMP8243PI 


I/O Expander for TMP8O48PI-6/8049PI-e 


20 mA 


5V±10% 


-40°C-v85°C 


Plastic 
24 pin 


1D8243 


V) 

c 


TMP80C49P-6 


128 x8 


2048 x 8 


27 Lines 


2.5 s 


10 mA 


5V±10Z 


-40°C^85°C 


Plastic 




: 


TMP80C39P-6 


li.S 8 




2.5 us 


10 mA 


40 pin 





TLCS-85A 

• 8 BIT MICROPROCESSOR 



Device 
Number 


Description 


Instruction 
Cycle Time 
(Min. ) 


Power Supply 
Current 
(Max.) 


Power 
Supply 


Operating 
Temperature 


Package 
Type 


Alternate 
Source 


TMP8085AP 


8 Bit Microprocessor 


1.3 us 


170 mA 


5V±10% 


0°c 70°c 


Plastic 
40 pin 


18085A 



PERIPHERALS (NMOS) 



Device 
Number 


Description 


Power Supply 
Current 
(Max.) 


Power 
Supply 


Operating 
Temperature 


Package 
Type 


Alternate 
Source 


TMP81 55P 


256 Byte RAM with I/O Ports and Timer 
(CE: Active Low) 


180 mA 


5V±5% 


0°C'v 70°C 


Plastic 
40 pin 


18155 


TMP81 56.P 


256 Byte RAM with 1/0 Ports and Timer 
(CE: Active High) 


180 mA 


5V±5% 


Plastic 
40 pin 


18156 


TMP8355P 


2K Byte Mask ROM with I/O Ports 


180 mA 


5V ± 5Z 


Plastic 
40 pin 


18355 


TMP8755AC 


2K Byte EPR0M with 1/0 Ports 


180 mA | 5V±5Z 


Ceramic 
40 pin 


18755A 



4BIT SINGLE CHIP MICROCOMPUTER 

TLCS-4 5 (NMOS) 



TOSHIBA MOS TYPE DIGITAL 
INTEGRATED CIRCUIT 
TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 
Silicon Monolithic 
N-Channel Silicon Gate Depression Load 

GENERAL DESCRIPTION 

TLCS-43 is a complete single chip micro computer series having an 
internal 4 bit parallel processing function which is suitable for con- 
troller applications. 

It contains ROM (read only memory) which stores the control programs and 
the fixed data, RAM (read/write memory) which temporarily stores various 
data nd a plural number of input/output ports. 

In order to provide for a variety of applications the TLCS-43 provides 
short instruction execution time, multiple subroutine nesting, and 
flexible input'output ports. 

By combining index instructions with processing instructions, the same 
instruction can be executed for all the registers and all the input/output 
ports enabling highly efficient programes to be written. 

In TLCS-43, there are three versions, TMP4310AP, TMP4315BP and TMP4320AP 
each of which has different memory capacity and different number of input/ 
output lines, so that the optimum version for a specific application can 
be selected. Furthermore, TMP4300C is available as the evaluator chip. 
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HIS TECHNICAL DATA 



TOSHIBA CORPORATION 



Toshiba 



INTEGR ATEDC I RCUI T 



TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



FEATURES 



o TMP4310AP o 35 Basic instructions 

1024 x 8 ROM 31 Process I Instruct tans 

48 x 4 RAM 4 Index Instructions 

22 1/0 Lines 

o 4 Level Subroutine Nesting 



o TMP4315BP 

153b x 8 ROM 
64 x 8 RAM 

35 I/O Lines 



o Single Level External Interrupt 
o 4 us Instruction F.xccutuion Time 



o TMP4320AP 

2048 x 8 ROM 
128 x 4 RAM 

. 35 I/O Lines 



o TMP4300C 

Evaluator Chip for TLCS-43 



o Single 5V Supply 

o ROM Data Readout Instructions 



o LED Direct Drive Capability 
(Except TMP4315BP) 
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TOSHIBA CORPORATION 



INTEGRATEDCIRCUIT 

ifliSfc TECHNICAL DATA 



TMP4310AP 
THP4320AP 



TMP4315BP 
THP4300C 



TABLE OF FEATURES 



Feature 


TMP4 310AP 


TMP4315BP 


TMP4320AP 


TMP4 300C 


ROM Capacity 


l , UZ4 wo r as 
x 8 Bits 


_L , JJD WUI Uo 

x 8 Bits 


2 048 Words 
x 8 Bits 


Ext ernal connection 
2,048 Words 
x 8 Bits 


DAM r**^T\r\nlt-*T 

kati Lapaciry 


48 Words 
x 4 Bits 


64 Words 
x 4 Bits 


128 Words 
x 4 Bits 


128 Words 
x 4 Bits 


Input Port 


1 Port 
(4 Bits) 


3 Port 
(12 Bits) 


3 Port 
(12 Bits) 


3 Ports 
(12 Bits) 


Output Port 


2 Port 
(8 Bits) 


4 Port 
(15 Bits) 


4 Port 
(15 Bits) 


3 Port 
(12 Bits) 


Input /Output 
Port 


3 Port 
(10 Bits) 


2 Port 
(8 Bits) 


2 Port 
(8 Bits) 


3 Port 
(11 Bits) 


Subroutine 
Nesting Level 


4 Levels (including interrupt) 


Interrupt Level 


1 Level 


Nunber of 
Instruct ions 


35 Basic Instructions 


Execution Time of 
Basic Instruction 


4 uS (1 Cycle Instruction), 8 uS (2 Cycle Instruction) 


Input/Output 
Level 


TTL Compatible 


Power Supply 


5V + 10 % 


Power Dissipation 


200mW (TYP.) 


200nW (TYP.) 


200mW (TYP.) 


350nW (TYP.) 


Operating 
Ambient Temp. 


-10°C to 70°C 


Package 


28 Pin 
Plastic DIP 


42 Pin 
Plastic DIP 


42 Pin 
Plastic DIP 


64 Pin 
Ceramic DIP 


Process 


N-Channel E/D MOS 

1 1 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP TMP43158P 
TMP4320AP TMP4300C 



PIN CONNECTIONS 



Top View 
(TMP4310AP) 




4 300C) 



10 2o C 
10 2 i □ 
OT I C 



OT 1 2 C 
GND C 



(TMP431 5BP/TMP4 320AP) 

,_! 

TEST L ' 

IN C 
IN 0, C 
IN 0;, C 

IN 3 ^ 
OT O n C 
OT 0! C 
OT ? C 
OT 3 C 
OT 1 C 10 
OT 1,C 11 
OT 1 2 C 12 
OT L 3 C 13 
OT 2 C "< 
OT 2 , C 1 5 
OT 2 2 C 16 
OT 2 3 [: 17 

OT 3q IZ 18 

OT 3,11 19 

OT 3 2 C 2 

GND [ 21 




IN 2,11 23 
IN 2oC 2 '< 
IN 1 3C 25 
IN 1 2 C|26 
IN 
! N 



Ag C 30 
A 8 C 31 
A7 Q 32 



6 1 
60 

59 
58 
57 
56 
55 
5U 
53 
52 
51 
50 
4 9 
48 

47 
46 
45 
4 '4 
4 3 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 



NC 

Tnt 
id 

10 2 2 
10 2] 

10 2„ 
NC 

OT 3 
OT 2 
OT 0, 
OT O 
OT 2 3 
OT 2 2 

OT 2, 
OT 2o 

OT 1 3 
OT 1 2 
OT 1 1 
OT 1„ 
IN 3 
IN 2 
IN 0, 
IN 0„ 
CLK 1 

Ao 

Al 

A 2 

A 3 
*4 
A 5 
A6 

Vdd 
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TOSHIBA CORPORATION 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



PIN NAMES & PIN DESCRIPTION 





Input/ Function 1 ^ 

P 1 


All "W 

4320 


4300 


INOO-IN03 


Input 


4-bit Input Port I NO 


O 


O 


o 


INlo-IN13 


Input 


4-bit Input Port INI 




o 


o 


IN2o-IN23 


Input 


4-bit Input Port IN2 





o 


o 


OTOo-OT03 


Output 


4-bit Output Port OTO 


o 


o 


o 


OTlo-OT13 


Output 


4-bit Output Port OT1 












Large sink current ( IOL TYP=20mA,V0L=2V) 

is possible in 

TMP4310AP/20AP/0OC. 


o 


o 


o 


OT2o-OT23 


Output 


4-bit Output Port 0T2 












Large sink current ( IOL TYP=20mA, V0L=2V) 

is possible in 

TMP4320AP/00C. 




o 


o 


OT3o-OT32 


Output 


3-bit Output Port 0T3 




o 








I02o-I022 of TMP4300C are available 
in evaluation. 




— 


IOOo-I003 


Input/ 
Output 


4-bit Input/Output Port IOO 


o 


o 


o 


I01o-I013 


Input/ 
Output 


4-bit Input/Output Port 101 


o 


o 


o 


I02o-I022 


Output 


3— b i t Input /Ou tpu t Port 102 

2-bit Port (I02o-I021) in TMP4310AP 


o 




o 


RST 


Input 


Initialize Signal Input 












The initialize operation is performed 
by placing RST terminal at low level 
for more than four clock cycles. 


o 


o 


o 


INT 


Input 


Interrupt Request Signal Input 
The interrut request is accepted 
by placing TNT terminal at low 
level for more than our clock 
cycles. The repetetive interrupt 
should be requested, after keeping 
INT terminal at high level for two 
clock cycles or more. 


o 


o 


o 


TEST 


Input 


LSI Test Signal Input 








(Note 1) 




TEST should be always kept at high level 
(open or connect an oscillation resistance 
in TMP4310AP) except in LSI test mode. 


o 


o 
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INTEGRATED C I RCUIT 

IR2 TECHNICAL DATA 



^asfuba 



TMP4310AP 
TMP4320AP 



TMP4315BP 
TMP4300C 



XIN 


Input 


Basic Clock Terminal 








(Note 1) 




XIN is used as an external clock 


O 


O 


O 


XOUT 


Output 


Basic Clock Terminal 




O 


O 






XOUT is used as a oscillator 
connection pin. 




Ao-A 10 


Output 


ROM Address Output (MSB : A 1Q , LSB : Ao) 








O 


I0-T7 


Input 


ROM Data Input (MSB:I 7 ,LSB: Io) 






O 


c:lki 


Output 


Internal Clock Output 






O 


ID 


Input 


Interrupt Operation Inhobit Input 
ID is a dedicated terminal only for 
TDS400/43, and should be always 
kept at low level except in TDS400/ 
43. 






O 


v DD 




+5V (Power Supply) 


O 


O 


O 


GND 




OV (Power Supply) 


O 


O 


O 



Note 1 The basic clock of TMP4310AP 

o Internal oscillation (with resistance externally installed between 

Xjn and TEST) and external clock supply can be available, 
o TEST terminal should be kept open when the basic clock is supplied 



by an external oscillator circuit. 
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TOSHIBA CORPORATION 



tfoifuba 



I NTEGR ATED C I RCUIT 

TECHNICAL DATA 



BLOCK DIAGRAM (TMP4310AP) 



2| to ]H |H 

hH W [CO 2 

X I H |Ph i — 1 







ED 


Timin 


8 


Generator 






(TG> 


Instruction 


Decoder 




(IDC) 


/ 







ROM 



1024 Words 
x8 Bits 



ir 



PC 



S T K 
DC 



D BUS 
S x BUS 



^4 



TMP4310AP 
THP4320AP 



TMP4315BP 
TMP4300C 



0T1 



S 2 BUS 



I 



48 Words 
x4 Bits 



1 1 



Hi 



1 AC 



im| f I c| 



10 2 



10 o I 



3 



o 
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tfoduba 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



BLOCK DIAGRAM (TMP431 5BP/TMP4320AP) 

— : | E— • | c — ■ " 



TMP4310AP TMP4315BP 
TI1P4320AP TMP4300C 



14 



o z|t-|(- |f- 

O h w (fl z 



oni— 

Timing 

Generator 

(TG) 



[ ns t rue t ion 
Decoder 

(IDC) 1 — - 



7> 



ROM 

]536/2048 
Words 
x8 Bits 





->-y 

PC 




T 


S T K 




DC 



S 2 BUS 



i — — i f — ^ — 1 1 — ^ — 1_ 

1__s_a_J l_r>_A_] L^i-rn" 1 



II 
1 1 -U- 



\ALM/ 



RAM 

64/128 
Words 
x4 Bits 



LHJ 



ST 



im|f c 



D BUS 
S,BUS 



0T 



At 



0T 1 



] [ 



0T 2 



|0T 3 



I 10 I 



| 10 1 



T 




X 


v 

CM 


V 


o 


.H 


1 

CM 


1 

O 

m 


o 


H 
O 


M 
o 


s 


H 
O 


o 
l-l 



3 



TOSHIBA CORPORATION 




I NTEGR ATED C I RCU IT 

TECHNICAL DATA 



BLOCK DIAGRAM (TMP4300C) 

3 Z IE- 1 IE- 
O w tn Z 
X X |q£ 1 1— i 



ID 
CLK1 



Timing 
Generator 

usi. 



Instruction 
Decoder 
(IDC) 



Ac-Aia <^z 



PC 



S T K 
P_C 



TMP4310AP 
TMP4320AP 



TMP431 5BP 
TMP4300C 



<~ — i i — — i r — 

L_s_aJ LP_a_J L_m_a_ 



-S,BUS 



R 


A M 


128 


Words 


X 


4Bits 



[-"-1 L R I 



J! 



I ,11 <7 = 



|g |im|f I ( 



D BUS 
S, BUS 



7^ 



OT 



OT I | 



1Z. 



n°3 



— * — i 

10 o I 



TOSHIBA CORPORATION 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP4310AP THP4315BP 
TMP4320AP TMP4300C 



FUNCTIONAL DESCRIPTION 



[Block Description] 

For all registers and I/O ports, MSB is the High order bit and LSB is the 
Low order bit . 

1. Arithmetic and Logical Unit (ALU) 

The ALU is the central 4 bit parallel processing function of the 
TLCS-43. Si and S2 are the two 4 bit input words and C is the carry 
input from some previous calculation . The ALU processed these and 
outputs one 4 bit result (D) and a carry bit. 



2. Accumulator (AC) 

.The accumulator is a four bit register, which stores the data Cor 
arithmetic and logical operations. In addition the accumulator 
is also used to store the results of arithmetic and logical 
calculations. 




Status Register I 
The status register is a four bit register which contains fields to 
represent the carry flag (C), branch condidtion flag (F), interrupt 
flag (IM) and general purpose flag (G) . 

1) C 



2) 



ST 



MSB 3 



1 



1.SB 



G 


IM 


F 


C 



Bit of the status register is called C flag and used to 
indicate Carry (or Borrow) during arithmetic operation with 
multiple number of digits. 
F 

Bit 1 of the status register is called F flag and set or reset 
according to the result of logical operation or arithmetic 
operation just executed. And this bit is referred to during 
execution of conditional branch instruction in a program. 



16 



TOSHIBA CORPORATION 



{Toshiba 



INTEGRATEDCIRCUIT 



TECHNICAL DATA 



THP4310AP 
TMP4320AP 



TMP4315BP 
TMP4300C 



3) IM 

Bit 2 of the status register is the interrupt flag called IM 
flag which is set or reset bv program. 

IM flag being "1" indicates the interrupt enabled condition and 
IM flag is cleared to "0" as soon as an interrupt routine is 
initiated. This is also cleared to "0" by the initialize 
operat ion . 

4) G 

Bit 3 of the status register is called G flag and this one bit 
flag is used generally by programs. 

4. L Register (LR) 

L Register (lower address register) is a four bit register which 
indicates the lower order 4 bits of RAM address and is used in 
conjunction with H Register for addressing RAM. 

5. H Register (HR) 

H Register (Higher address register) is a two bit or three bit register 
which indicates the higher order two or three bits of RAM address, and 
used in conjunction with L Register for addressing RAM. 

When a program reads, the undefined higher order two bits (bit 3 and 
bit 2) or one bit (bit 3) are always processed to be zero. 



(TMP4 310AP/TMP4 31 5BP) 
MSB 1 LS^ 

HR 



(TMP4320AP/TMP4300C) 
MSB 2 1 LS 

HR 



Input Port (INO, INI, 1M2) 

All of INO, INI and IN2 ports are the dedicated input ports having 
four bit configuration and read the data sent from outside. 
The input ports are non-latch type ports. 



TOSHIBA CORPORATION 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP 



TMP4315BP 
TMP430OC 



8. 



TLC-4 3 



IN0,IN1,1N2 | Gate- ~| 



Internal Bus 
Output Port (OTO, OT1, OT2, OT3) 

OTO.OTl and OT2 have four bit configuration and OT3 has three bit 
configuration, all of which are the dedicated output ports. The 
content of each port is output to outside and retained until replaced 
with new data. And the content of a port can read by program. 
In this case the undefined bit 3 of 0T3 port is always processed, to be zero. 
All the bits of all the output ports are set to "1" by the initialize 
operat ion . 

TLCS-4 3" 



But ]fer/l)river | 



| Gate | Latch 



Internal Bus 



■ 



Input/Output Port (100, 101, 102) 

100 and 101 have four bit configuration and 102 has two or three 
bit configuration, all of which are the input/output ports. 

The content of each port is output to outside and retained until 
replaced with new data. It can also input data from outside. 
However, the putput data must be set to "1" whenever the input 
operation is performed. 



Whenver no data is input from outside, the output data to outside 
can be read bv program. When the output data is reau, undefined bit 
' essed to be zero. 



3 and bit 2 of 102 port 
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All bits of the output data are set to "1" by the initialize operation. 



9. Program Counter (PC) 

The program counter is 11 bit counter which addresses the program 
stored in ROM (refer to (Note) in the ROM paragraph.) 

While the normal instructions are executed, the program counter is 
incremented by word length of instruction just excuted. However, 
for branch instructions, subroutine call and interrupt operation, 
the counter is set to the values designated by the instructions. 
The counter is reset to "0" by the initialize operation. 

10. Stack 

The stack is a group of A words x 11 bits registers including the 
data counter. 

The stack is used as the save area of the program counter during 
subroutine call and interrupt operation. If it is already occupied 
up to level 2, the data counter becomes to be the stack area of 
level 3. 

11. Data Counter (DC) 

The data counter is an 11 bit counter which addresses fixed data 
stored in ROM (refer to (Note) in the ROM paragraph.) 

The content of the data counter can be set by program. The data 
counter is also used as the deepest stack level (level 3) and when 
nesting has been done up to level 2, if further nesting is performed, 
the content as the data counter is destroyed. 




A 



Internal Bus 
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And when the data counter is being used as stack level 3, if setting 
operation is performed to the data counter, the content as stack 
level 3 is destroyed. 



iff 3£ TECHNICAL DATA 



12. Read Only Memory (ROM) 

The read only memory (ROM) can also store fixed data as well as 
programs which are required by users. 

ROM has a maximum capacity of 2,048 words x 8 bits and is in- 
dependently addressed by the program counter which addresses the 
storage area for programs and by the data counter which addresses 
the storage area for fixed data. 



For storing programs the ROM is processed as 8 bit words but for 
fixed data, 8 bit word is divided into the higher order 4 bits 



and the lower order 4 bits, namely divided to two 4 bit 
ROMh and ROM^. 



words of 
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MS] 
Address 


1 

2 



c> 



ROMh 



R0M l 



(TMP4310AP) N=l,023 



) N=l,535 (TMP4320AP) . . . N=2,047 



(Note) In the case of TMP4310AP , both of the program counter (PC) and the 



data counter (DC) are 11 bit counters, and if bit 10 is "1" 
contents of ROM are not accessed. 
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13. Read/Write Memory (RAM) 

The read/write memory (RAM) can be used as the working area for 
data processing. 

RAM has the maximum configuration of 128 words x 4 bits and is 

addressed by H Register which designates a page and L Register 
which designates an address in a page. 



In addition to the above, another addressing method of RAM is to 
access an address in page using the index instructions (M 
instructions) which will be explained later. This method is effective 
to save the contents of registers on the interrupt operation. 
The configuration of each version is as follows. 



(TMP4310AP) 



Address 



Page 



15 14 13 



LR|- 

9 



Address 



(TMP4315BP) 



Page o 

H t=] 2 

3 



15 14 13 12 11 



IsIS. 
10 9 



HRr- 



(TMP4320AP/TMP4300C) 

LR r 



I 1 

Address ' ' 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

Page o 
1 
2 

ZD I 

5 
6 
7 
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14. Timing Generator (TO and Instruction Decoder (IDC) 

The timing generator produces a clock frequency that is dependant 
on the oscillator connected externally. 

Based on this timing the instruction decoder reads and decodes the 
fields unique to each instruction. 

Timing of interrupts, initialize requests etc. are also 
synchronized by the Timing Generator. 

15. Registers Dedicated to Index Instructions (SA, DA and MA) 
Refer to the paragraph of Index Instructions. 

These are 4 bit registers used by the index instructions which are 
explained later, and there are three kinds, namely SA (Source 
Address Register), DA (Destination Address Register) and MA (Memory 
Address Register). Source register code, destination register code 
and RAM address which are activated by the index instructions are 
input to SA, DA and MA respectively, and these are temporarily 
retained until the following one operation instruction is completely 
executed . 

The registers dedicated to the index instructions can not be used 
by program as additional data registers. 
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1. Features of TLCS-43 Machine Instructions 

One of the features of the T1CS-43 Machine Instruction set is the 
existance of index instructions. In the case of processing instruc- 
tions, usually the source and destination of data have been inherent- 
ly defined. The index instructions modify the processing instructions 
to change the source of data to be processed or/and the destination 
of the processing results. Therefore, it is much simpler to write 
programs which require sequential operations through an area 
of memory. The extensive use of index instructions produces 
efficient programs in terms of the number of program steps. 

Another great feature is that the machine instructions with Data 
Counter (DC) maintaing ROM address in addition to PC have the 
instructions which can read out the content of ROM directly, which 
allows a greater amount of fixed data to be efficiently read. 

Furthermore, with the addition of four level subroutine nesting 
ability, the subroutine call instructions of 1 byte length are 
available. This is effective in reducing overall program size. 

2. Format of Machine Instructions 

The explanation of each instructions is described according to 
the following format. 



■n) xxx 



( 



) 



[ 



Name of Instruction 



Mnemon ic Code 



Series Number of Instruction 



Symbo 1 
Instruction 



Mnemonic Operation Code 



Operand 
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[Machine Tnst rue t ions ] 

TLCS-43 series microcomputer is provided with 35 kinds of machine 
instructions. Unless otherwise mentioned the machine instructions are 
described as just instructions. 



Among the machine instructions of TLCS-43, 30 instructions are 
of 1-byte length and 5 instructions are of 2-byte length. As regards 
the execution time of machine instructions, 28 instructions are of 1- 
machine cycle and 7 instructions are of 2-machine cycle. 



Machine Instructions are classified by their functions as 
fol lows : 



TLCS-43 
Machine . 
Instruc- 
tions 



- Index Ins true t ions 



Number of 
Inst rue t ions 



Data Transfer 



Processing 

"Instructional I Instructions 7 





-Data Process ing Instructions 



4 



Logi cal Opera t ing 
Inst rue t ions 



10 



Bit Processing 



Instructions 3 

•—ROM Readout Instructions 3 

-Subroutine Instructions 3 

-Branch Instructions ^ 

Total 35 
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Machine 
<Code > 



No.l Byte 



MSB 
7 



1 

x x 



LSE 
2 10 
1 1 



No. 2 Byte 

.Address next to. 
l (+l) No.l Byte ' 



MSB 
7 6 

| r— 

I x x 



LSB 
2 10 
r 1 1 

X X x ! 



(The correspondence of the operand of 
symbol instruction and the machine code 
is recorded, if necessary.) 



<C Function ^> 



The logical peration performed by this 
instruction is explained with symbols. 



<[ Status Flag > 



(F): 
(C): 



The status after the execution 
of status flag is described. 

(Dependent on the data when 
designated to store data in 
status register . ) 



Execut ion 
^ Cycle 



The number of machine cycles necessary 
for executing instructions is described. 



^ Function 
Explanation 



The function of instructions is explained. 



Mod if iable 
<x Index 

Instructions 



In processing instructions, modifiable 
index instructions are described. 
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In this section, the symbols defined in Table A are used more concisely to 
express the functions of machine instructions. The storage elements, 
including input ports, related directly to the operation of 
instructions are collected in Table B. 



Table A. Symbol and their Meanings for Instructions 



ftyniDO x 


Mean i ng 


\<t ) 


The content of storage element "a". 


Ml S,n..L/ J 


The content of RAM address designated by the 
contents of H register and L register. 


TEMP 


T^jr^r^fi V "j r ' i f l'i r: i ofov 

lempottiry rfjgi&itr 


ZR 


Virtual register of which content is "0". 


in in" 1 ■ ■ ■ l 


Data of n+1 bit 


b 


Values inverted "1" to "0", "0" to "1" every bit 
of "b". 


a » b 


, 

"a" is replaced by the value of "b"/ 


a + 1 


Value added 1 to "a". 


a + b 


Value added "b" to "a". 


a - b 


Value subtracted "b" from "a"/ 


a A b 


Value of logical product of "a" and "b" for every 
bit. 


a v b 


■ Value of logical sum of "a" and "b" for 
bit. 


every 


a - b 


Value of exclusive logical sum of "a" a 
every bit'. 


nd "b" for 
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Ones <,b^> 


4-bit data having l's at bit positions only 
indicated by "b" and O's at all other bit 
positions . 


ROM H [(DC)] 


Higher order 4 bits in the content of ROM address 
indicated by the content of data counter DC. 


ROM L [(DC)] 


Lower order 4 bits in the content of ROM address 
indicated by the content of data coun t e r DC . 


M[a] 


Content of address "a" of RAM. 


a<b> 


Value of bit position "b" of "a". 


DC H 


Higher order 3 bits of data counter 


DC M 


Intermediate order 4 bits of data counter 


DC L 


Lower order 4 bits of data counter 


Carry 


Carry resulted by operations (overflow) 


Borrow 


Borrow resulted by operations (underflow) 


a = b 


"a" equals to' "b" 


if a then 
b else c 


If the condition of "a" is satisfied, "b" is 
performed; if not, "c" is performed 


$ 


ROM address in which instructions are stored 
(No.l byte address for 2-Uyte instruction) 



Table B . Storage Elements Related Directly to Operation of 
Instructions 



Name 


Mnemonic 


Function 


Accumulator 


AC 


4-bit register 


Carry flag 


C 


Carry flag of multiple digit operation 


Branch flag 


F 


Condition flag exclusive for branch 
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3. Index Instructions 

The index instructions indicate source or/and destination 
of data. The data is processed by the instructions following the 
index instructions. The fixed data source and destination are 
designated for the instructions themselves, but if the instructions 
are modified by the index instructions, the data source and 
destination become those designated by the index instructions. 



Name 


Mnemonic 


Func t ion 


Interrupt 
mask flag 


IM 


Flag masking interrupt-perat ion 

In case of "1", interrupt is permitted. 


General pur- 
pose flag 


G 


1 bit flag used by program 


L register 


LR 


Register showing lower order 4 hits of RAM 
address 


H register 


HR 


ksgister showing higher order 3 bits of RAM 
address 


Input port 


INO, INI, 
IN2 


Ports for input of external data. 

1 


Output port 


OTO , OTl 
0T2, 0T3 


Ports for output of data 


I/O port 


100, roi 

102 


Ports for input or output 


of 


data 


Data counter 


DC 


Counter to read out ROM cc 
data 


nte 


nts as 


Program 
counter 


PC 


Counter to read out the instruction 
under program 


Stack 


STK 


Stack storing return address from inter- 
rupt routine or subroutine (PC evacuation 
area) 


Read/Write 
memory 


RAM 


Memory temporaly maintaing data 


Read only 
memory 


ROM 


Memory maintaining program or fixed 
data 
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Since the index instructions cannot process effective data 
by themselves, they are invariably used in combination with the 
processing instructions. Therefore, the interrupt operation 
cannot be performed after execution of the index instructions, 
but can be done only after completion of the processing 
instruct ions . 



One processing instruction can be modified by maximum three 
index instructions. When sources or destinations have been 
indicated in duplicate, the initially indicated one becomes 
effective. 



(T) S (Designate Source register) : Source Register Index 

Instruction 



< Symbol Instruction > 



< Machine Code > 



<C Funct ion ^> 
< Status Flag > 



MSB 
7 6 
— I 



5 4 
1 



3 2 

1 



LSB 
1 

— r - 



r 3 r 2 ri r 



Operand r = r 3 r 2 ri r 



(SA) — r 



(F) 
(C) 



No change 
No change 



<C Execution Cycle J> 1 Machine Cycle 



Explanation of 
Function 



Write address r of register/port, which 
becomes data source, in the source address 
register SA. The source register designated 
by this instruction is effective until the 
processing instruction is executed. 
However, if there are pural numbers of 
Instructions indicating the source register 
before the processing instruction, the initial 
index is effective. 



29 



I NTEGR ATED C I RCUIT 

TECHNICAL DATA 



THP4310AP 
TMP4320AP 



THP4315BP 
TMP4300C 



(2) D (Designate Destination register) : Destination Register, 

Index Instruction 

< Symbol Instruction > 

D r or = r 



< Machine Code > 



<^ Function > 
< Status Flag > 

<C Executive Cycle > 



^ Explanation of 
Function 





MSB 
7 6 


5 


It 


3 2 1 


LSB 





1 

1 





1 

1 


! ' 1 
1 r 3 r 2 H 
— 1 


to 


( 


)per 


and 


t = rj r; r! r 





(DA) - - x 

(F) : No change 
(C) : No change 

1 Machine Cycle 

Write address r of register, which 
becomes a destination as a result of 
processing, in destination address 
register DA. The destination register 
designated by this instruction is 
effective until the processing instruction 
is executed. However, if there were 
plural numbers of instructions indicating 
the destination register before the 
processing instruction, the initial index 
becomes effective. 



(3) SD (Designate Source and Destination register) : 
Destination Register Index Instruction 

^Simbyl Instruction > 

SD r or = r 



Source & 
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< Machine Code ; 



MSB 
7 


6 


5 


4 


3 


2 


LSB 
1 


l 

1 













1 

r 2 


l 



Operand r 



r 2 >"i r 



< Function > 

< Status Flag > 

<C Executive Cycle 



^Explanation of 
Function 



(SA) - r (DA) — r 

(F) : No change 
(C) : No change 

1 Machine Cycle 

Write address r of the register (same re- 
gister) becoming data source and destination 
in source address register SA and destination 
address register DA. The register designated 
by this instruction is effective until the 
processing instruction is executed. 
However, if the source register or the 
destination register has been indicated 
numbers times to one processing instruction 
in the same way as the instructions of S and 
D, the index initially made to the respective 
registers becomes effective. 



) M (Designate RAM address) : RAM Address Index Instruction 
<i Symbol Instruction > 



M 



r or = r 



Machine Code > 



MSB 




5 








LSB 


7 


6 


4 


3 


2 


1 


1 

1 





1 

1 


1 

1 


! 

; r 3 

i 


I 

r 2 


1 

r l r 



Operand r = rj, T2 rj rQ 
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TMP431 OAP 



-C Function ^ 
< Status Flag > 

<C Executive Cycle Z> 

^ Explanation of 
Function 



(MA) — r 

(F) : No change 
(C) : No change 

1 Machine Cycle 

RAM address can be directly designated by 
this instruction without using H register 
and L register. 

The RAM address "r" is written in memory 
address register MA; however, the RAM which 
can be designated by this instruction is 
limited to addressed 0-15 (16 words in 
"0" page). These RAM addresses are 
effective until the processing instruction 
is executed; that is, the RAM address of 
the processing instruction modified by this 
instruction is designated by the memory 
address register MA regardless of the 
content of H register and L register. 
There are no changes in the contents of H 
register and L register. 
If there are numbers of RAM 

address index instructions before the 
processing instruction the value initially 
indicated becomes effective. 

Decision of Source and Destination by Index Instructions 

The way of modifying the processing instruction by index instructions, 
or the decision of source and destination of the processing instruction, 
is regulated as follows : 

(0) The elements not modified are unique source and destination for 
each instruction. 
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(1) Instructions related to registers and RAM (9 instructions) 

In regard to the nine instructions, such as LDM, SWP , STR , ADD , 
ADC, SUB, CND, ORM, and EOR, their sources and destinations can 
be changed by the index instructions (S, D, and SD) . When 
modified by M instruction, RAM data becomes the addresses (0 -15) 
designated by M instruction. 

(2) Instructions related to register (13 Instructions) 

In regard to the thirteen instructions, such as LDA , LDT , LDI , 
. LLI , CMA, NGT, ADI, ALI, SSB, RSB, LFB, LRL, and LRH, their sources 
and destinations can be changed by the index instructions (S, D, 
and SD) . When modified by M instruction, the sources and destinations 
by the S or D instruction become RAM addressed (0 - 15) designated 
by M instruction. 

(3) As for SDC instruction, the source register can be designated to the 
intermediate order 4 bits of DC by S Instruction. In this case, 

the logical sum of the designated source register content and the 
immediate data is set to the intermediate order 4 bits of DC. 
When modified by M instructions the intermediate order 4 bits of 
DC become the contents of RAM addressed (0 - 15) designated by M 
instruction . 

(4) Subroutine and branch instructions (8 instructions) 

In regard to the eight instructions, such as CAL , CLS, RTN , BCF, 
BCB, JCS, JCC, and JMP, the index instructions cannot be modified. 
(If they are modified, their operations cannot be guaranteed.) 

The following figure shows diagramatically the relationship between 
the above mentioned source and destination selection regulation 
and hardware. 
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source address 

is selected 



The address of source register is stored in 
register SA by S instruction, and the source ri _ 
by the source selector according to this address. 
The data from the selected source register is input into SI of 
ALU. Either RAM or ROM is selected by the data selector as data 
input into S2 of ALU. The selection by this data selector is 
decided by the instructions. 

The address pointer of RAM has HR-LR and memory address 
register MA. Usually HR-LR is selected, but when modification is 
made by M inst rue t ion , MA is selected. The memory address is 
stored in MA by M instruction. Since either HR-LR or MA is used 
as address pointer, if RAM is used as source and dest ination 
register, the same address is selected. 

The address of destination register is stored in the destination 

address register DA by D instruction. The destination selector 

selects destination register according to this address. 

The process results output from ALU are stored in the destination 

register. 
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By using SD instruction, the same register address is stored 
into source address register SA and destination address register 
DA; therefore , the source register of SI of ALU and the destination 



of output of ALU become the 

As shown in the following figure the selector which changes 
the flow of processing data according to index instructions has 



the following three kinds of versions: 



(1) Source selector (Selection of source register) 

(2) Destination selector (Selection of destination register) 

(3) RAM address pointer selector 

In the case where no modification is made by index instructions, 
it may be thought that each selector makes the selection of the source 
or destination. 
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Source Register 



Source Ad 
dress Re- 
gister 

X 



SA 



s 

st rue 



5^ 

uc t ion J 



/ u ■ 

-yy, ™ , 



Accumulator (AC) 
Status Register(ST) 

L Register (LR) ' 

H Register (HR) - 



| HR 



"~1 



LR 



- RAM 



Input Port (INi) 
Output Port (OTi) 
I/O Port (IOi) 



Carry 




RAM 



RAM Address, 
z Pointer 
/ Selector 

K/// / //I 



MA 



4*2 



f M In- ""\ 
( struction J 



I 



■ ROM 



*1 



'H 



Accumulator (AC) 
Status Register(ST 
L Register (LR) — 
H Register (HR) — 
Virtual Register(NULL) 
RAM 



Output Register(OTi) 
I/O Register (IOi) 

Destination Register 



RAM 



I 



RAM Address 
y Pointer ' 
| / Selector 
■ / 

/ / /y. / . 

*2 



f M In- \ 

^truction/ 



*l 



Such a selector is determined according to the kind of instruction; 
in many cases RAM is selected, but in case of ROM readout instruction 
or immediate instruction, ROM is selected. 



*2 Usually HR and LR is selected, but in case of processing instruction 
that modification is conducted by H instruction, MA is selected. 
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Registers can be designated by Index Instructions 



Regi ster 
code 


Symbol 


Name 


TMP4310AP 


TMP4315BP 


TMP4 320AP 


TMP4 300C 





AC 


Accumul a tor 


o 


o 


o 


o 


I 


ST 


Status 
Register 








P) 


2 


I.R 


L Register 


O 


O 


o 





3 


MI(H-L)] 


RAM 1 


o 


o 


e 


o 


4 


I NO 


In. Port 


o 


o 


o 


o 


5 


NULL 


NULL 


o 


o 


o 


o 


6 


too 


I/O Port 


o 


o . 





o 


7 


101 


I/O Port 1 


o 


o 


o 


o 


8 


0T1 


Out. Port 1 


/ \ 

o 


o 


/ — \ 

o 


o 


9 


OT 


Out. Port 


o 


o 


o 


o 


A 


HR 


H Register 


o 


o 


o 


o 


B 






Not used 


Not used 


Not used 


Not used 


C 


0T3 


Out. Port 3 




O 







102 


1/0 Port 2 


O 






O 


D 


0T2 


Out. Port 2 


Not used 


o 


o 


o 


E 


0T2 


In. Port 1 


Not used 


o 


o 


o 


F 


IN2 


In. Port 2 


Not used 


o 


o 


o 



* Register code C designates 102 for TMP4 310AP and TMP4300C and 0T3 for 

TMP4315BP and TMP4320AP. Therefore If it is required to perform evaluation 
of TMP4315BP and TMP4 320AP using TMP4300C, 102 Is used as the matching 
port for 0T3. 
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5. Data Processing Instructions 

The data processing instructions are classified in four types, 
data transfer instruction, logical operation instruction, bit 
processing instruction, and ROM readout instruction. 

5.1 Data transfer instruction 

Data is handled in 4-bit units. The use of these instructions 
provide the setting of immediate data as well as the data 
transfer between two registers or between a register and RAM. 



LDM (Load from Memory) 
<C Symbol Instruction > 



Load from Memory Instruction 



LDM 



< Machine Code > 



MSB 

7 6 
1 



5 4 
1 



LSB 

3 2 10 

1 1 1 

110 



< Function > 

< Status Flag > 



< Execution Cycle > 

Explanation of ^> 
Function 



(AC) — M[(H-L)] 

(F) : No change 
(C) : No change 

1 Machine cycle 

The content of RAM address designated 
by H register and L register is loaded 
into accumulator. 



Modifiable 
Index > 
Instruction 



D, M 



6J SWP (Swap) : SWAP Instruction 
< Symbol Instruction ^> 



SWP 



< Machine Code > 



MSB 

7 6 



5 4 
1 



3 2 
1 



LSB 
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^06hlha 



TECHNICAL DATA 



TMP4310AP 
THP4320AP 



TMP4315BP 
TMP4300C 



<C Function ^> 



< Status Flag > 



(TEMP) - • (AC) 

(AC) - ■ M [(H-'.)l 

M| (H.I.) ]--<TEMP) 



< 
< 

< 



Execution Cycle 



(F) : No change 
(C) : No change 

1 Machine cycle 



3 th 



Explanation of > This instruction exhanges the content of 

Function ^ address designated by H register and 

L register content of the accumulator. 

Modifiable 

Index > SD, M 

Inst rue t ion 



T.DA (Load from Accumulator) : Load from Accumulator Instruction 
Symbol Instruction > 



< Machine Code > 



LDA 



7 6 5 4 L 



LSB 
1 







"1 1 — 

1 1 



< 
< 



Function > 
Status Flag > 

Execution Cycle *fc 

Explanation of > 
Function 



Modi f iable 
index > 
Instruction 



(AC) — (AC) 

(F) : No change 
(C) : No change 

1 Machine cycle 



The content of accumulator is loaded into 
the accumulator. If used independetly , 
this instruction becomes a no-operation 
instruction. 



S, D, M 



8i STR (Store) : Store Instruction 
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TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TKP4300C 



< Symbol Instruction > 
STR 

<. Machine Code > 



MSB 
7 6 



5 4 
1 



3 



LSB 
1 

— I 



— I 1 r 

ooioo 




<1 Function 



(AC) -M[ (H • L) ] 



< Status Flag > 



< Execution Cycle ^> 

^'Explanation of 

Function ^* 



Modi f iable 
Index 



(F) : No change 
(C) : No change 

1 Machine cycle 

The content of accumulator is stored 
in the RAM address designated by H 
register and L register. 

S, M 



Instruction 

9 LDT (Load and Test) : Load 4 Test Instruction 
*^ Symbol Instruction > 

,LDT 

"C Machine Code > 



MSB 
7 6 



5 4 
1 



3 2 1 
r 1 — 



LSB 




< Function > 

< Status Flag > 

<C Execution Cycle > 

^ Explanation of 
Function 

into the accumulator 



(AC) — (AC) 

If (AC) = then (F) - -1, else 
(F) — 
(C) : No change 

1 Machine eye le 

The content of accumulator is loaded 

If the data is 
zero, F is set to "1", but if not, F 



Modifiable 
<C Index 

Instruction 



is cleared to "0". 
S, D, SD, M 

TOSHIBA CORPORATION" 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP< 



431 OAP TMP4315BP 



TMP4320AP TMP4300C 



10; LDI (Load Immediate data) : Load Immediate Data Instruction 
< Symbol Instruction > 



LDI i 



(OS i &15) 



< Machine Code 



< Function *> 

< Status Flag > 

<Z Execution Cycle J> 

^ Explanation of ^ 
Function 




1 1 i 3 i2 il io 
rand i = 13 io M ifl 

(AC) — i 

(F) : No change 
(C) : No change 

1 Machine cycle 

Immediate Data i is loaded into accumulator. 



Modifiable 
<i Index 

Instruction 



D, M 

ill LLI (Load Immediate data to L register) : Load Immediate Data 
L Register Instruction 

<. Symbol Instruction > 



LLI 



(0 5 i £ 15) 



Machine Code 



MSB 

7 



6 5 4 3 2 1 
1 1 1 r 1 

1 13 12 il 



LSB 




Operand i = 13 12 il iQ 



Function ^ 
< Status Flag > 



(LR) — i 

(F). : No change 
(C) : No change 

< Execution Cycle > 1 Machine cycle 

Explanation of Immediate Data i is loaded into L Register 



< 



Funct ion 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



Modifiable 
Index 

Instruction 



D, M 



5.2 Logical operation instruction 

The instructions of CMA, CND, ORM and EOR are used for logical 
operation of every bit of 4-bit data. The others are mainly 
used for arithmetic operation. For 2-operand instruction one 
data source is a register and another is RAM. 

For the nine instructions except CMA, branch condition flag 
F is set, and for ADC instruction, carry flag C is set. 



12' CMA (Complement Accumulator) : Complement Accumulator Instruction 
■C Symbol Instruction > 



< Machine Code ^ 



CMA 
MSB 



LSB 

4 3 2 1 



1 1 1 1 1 1 1 

1 110 11 



<C Function 

< Status Flag > 

< Execution Cycle > 
^ Explanation of ^ 



Function 



Modifiable 
< Index > 
Instruction 



(AC) — (AC) 

(F) : No change 
(C) : No change 

1 Machine cycle 

The content of accumulator is loaded 
into the accumulator after inverting 
"0" to "1" and "1" to "0" every bit. 



S, D, SD, M 



(13' NGT (Negate) : Negate (2's complement) Instruction 
<C Symbol Instruction ^ 

NGT 
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TECHNICAL DATA 



THP4310AP 
TMP4320AP 



TMP4315BP 
TMP4300C 



< Machine Code > 



MSB 
7 6 
- 1 



LSB 




1110 1 





: 



<Z Function > 

< Status Flag > 

< Execution Cycle 
Explanation of 



Funct ion 



> 
> 



(AC) W (AC) + 1 

if Carry then (F) — -1, else (F) 

(C) : No change 

1 Machine cycle 

2\s complement of the content of accumulator 
is loaded into the accumulator. If the 
original data is ((AC)=0), 2's complement 
is 0. In this case only, F flag is set to 
"1", but in the other cases, F flag is 
cleared to "0". In this case F flag is 
used in both meanings of carry and zero 



i 



Modifiable 
< Index ;> 
Instruction 



S, D, SD, M 



14) ADD (Add) : Add Instruction 
< Symbol Instruction > 



ADD 



<C Machine Code ^* 



MSB 
7 



LSB 
1 



42 



< Function ^* 

< Status Flag > 

< Execution Cycle > 



(AC) (AC) + M [ (H- L) ] 

if carry then (F)- 1, else (F) 

(C) : No change 

1 Machine cycle 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP4310AP 



TMP4315BP 



THP4320AP TMP4300C 



< 



Explanation of 
Function 



The content of RAM address designated by 
the contents of H register and L register 
is added to the content of the accumulator, 
and the result is loaded into the accumulator . 
If the resultant carry is "1" , F flag is set 
to "1", and if it is "0", F flag is cleared 
to "0". 



Modifiable Index 

Instruction > S ' D ' SD - M 



15) ADC (Add with Carry) : Add with Carry Instruction 
<C Symbol Instruction > 



ADC 



< Machine Code > 



•*C Function 

< Status Flag > 

< Execution Cycle > 

Explanation of ^ 
^ Function 



MSB 
7 


6 


5 


A 3 2 1 


LSB 







r 




1 


1 1 1 

10 10 


1 

1 















(AC) 




(AC) + M [ (H • L) 


] + ( 



Modifiable Index > 
Ins true t ion 



(C) 

if carry then (F)--l, (C)— -1, else (F>- 
(C)~0 

1 Machine cycle 

The content of RAM address designated by 
H register and L register and the content 
of C flag are added to the content of 
accumulator, and the result is loaded into 
the accumulator. The conditions of Carry 
cause F flag and C flag to be set/reset. 

S, D, SD, M 
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TECHNICAL DATA 



TMP4310AP TMP4315BP 
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06) SUB (Subtract) : Subtract Instruction 
< Symbol Instruction > 



< Machine Code > 



< Function > 

< Status Flag > 

< Execution Cycle>- 
Explanation of 



SUB 



MSB 

7 6 



LSB 
] 



(AC)— M[(H-L)] - 



if borrow then (F) « 0, else (F) • 1 
(C) : No change 

1 Machine cycle 



Funct ion 



The content of accumulator is subtracted 
from the content of RAM address designated 
by H register and L register, and the 
result is loaded into the accumulator. 
The conditions of underflow cause F flag 



^ Modifiable Index ^ 
Instruction 



to be set/ reset. 
S, D, 3D, M 



@ CND (Complement & AND) : Complement and AND Instruction 
< Symbol Instruction > 



< Machine Code 5> 



<; Function > 
< Status Flag > 



CND 



MSB 
7 6 



LSB 
1 



I 




5 4 3 
— I 1 1 1 1 

1 1110 



(AC) - (AC) 



M[ (H-L) ] 



if (AC) - then (F) * 1, else (F) - 
(C) : No change 
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TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



< Execution Cycle > 

^ Explanation of ^ 
Funct ion 



< 



Modifiable Index 
Instruction 



> 



1 Machine cycle 

The logical product of every bit of the 
content of accumulators and the l's 
complement of the content of RAM address 
designated by the content of H register and 
L register is loaded into the accumulator. 
If the result is "0", F flag is set to "1"; 
in the other cases, F flag is cleared to 
"0". 

S, D, SD, M 



(If? ORM (OR) : OR Instruction 
<C Symbol Instruction > 



<C Machine Code > 



MSB 
7 



5 4 
1 



LSB 
1 
1 1 

1 



< Function - > 

< Status Flag > 

<C Execution Cycle > 



< 



Explanation of 
Function 



Modifiable Index 
Instruction 



(AC) — (AC) V M[(H-L)] 

if (AC)=0 then (F)— 1, else (F)— - 
(C) : No change 

1 Machine cycle 

The logical sum of every bit of the content 
of accumulator and the content of RAM address 
designated by H register and L register is 
loaded into the accumulator. If the result 
is "0", F flag is set to "1"; in the other 
cases, F flag is cleared to "0". 

S, D, SD, M 
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TECHNICAL DATA 



TMP4310AP 
TMP4320AP 



THP4315BP 
TMP4300C 
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\i, FOR (Exclusive OR) : Exclusive OR Instruction 



< Symbol Instruction 



KOR 



Machine Code > 

MSB 
7 6 



5 



4 3 2 
-i 



— I 1 1 r 

10 111 
■ 



LSB 

1 

— I 



< Function >■ 

< Status Flag > 



<C Execution Cycle 

Explanati 
Function 



(AC) — (AC)VMKll-l,)] 

if (AC)=0 then (?)«*!, else (F)~0 
(C) : No change 

] Machine cycle 



^ Explanation of 

c t- ; Z> 



^ Modifiable Index 
Instruction 



The exclusive logical sum of every bit 
of the content of accumulator and the 
content of RAM address designated by H 
register and L register is loaded into the 
accumulator . 

If the result is "0", F flag is set to 
"1"; in the other cases, F flag is cleared 
to "0". 

S, D , SD, M 



<20) ADI (Add Immediate data) : Add Immediate Data Instruction 
< Symbol Instruction > 



Machine Code 



MSB 
7 6 



(0< if 15) 



3 



1 



LSB 




1 ! 13 12 il 10 



< Function 



Operand i = i 3 i 2 i l *0 
(AC) — (AC) + i 

TOSHIBA CORPORATION 



< Status Flag > 

<C Execut ion Cycle ^> 
Exp 1 ana t ion of 



if Carry then (F) — 1, else (F) — 0, 
(C) : No change 

1 Machine cycle 



Function 



Immediate data "i" is added to the content 
of accumulator and the result is loaded into 
the accumulat ion . 

If the resultant carry is generated, F flag 
is set to "1"; in the other case, F flag 
is cleared to "0". 



Modifiable Index > 
Instruction 



, H 



21 ALI (Add Immediate data to L register) : 

Add Immediate Data to L Register Instruction 



Symbol Instruction 



ALI i 



(0* i £15) 



Machine Code > 



MSB 
7 6 



5 4 
1 



LSB 




13 12 il iQ 



Operand 



i 3 i 2 ii i 



< Function > 

< Status Flag > 

<C Execution Cycle 

^ Explanation of , 
Function 



^ Modifiable Index 
Ins true t ion 



(LR) — (LR) + i 

if Carry then (F) — I, else (F) — 
(C) : No change 

1 Machine cycle 

Immediate date "i" is added to the content 
of L register, and the result is loaded into 
I. register. If resultant carry is generated, 
F flag is set to "1"; in the other cases, F 
flag is cleared to "0". 



S, I), SD, M 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



5.3 Bit manipulation instruction 

Ordinary data is manipulated as 4-bit units, however the use of 
these instructions enables the data to be manipulated bit by bit. 
These instructions are mainly applied to status register ST, but 
their functions can be extended to aribitrary register, output 
port and RAM by a combination of index Instructions. 

(22/ SSB (Set Status Bit) : Set Status Bit Instruction 



<C Symbol Instruction 



Machine Code 



SSB 



(3 2 b > 0) 



MSB 
7 6 
I 



4 3 

1 



LSB 
2 1 
1 1 

1 b, b 



Operand 



<C Function ^ 
< Status Flag > 



< Execution Cycle > 

^ F.xplanation of ^ 
Function 



(ST) 



(ST) 



Ones < b .> 



(ST 



b>- 1) 



There may be flags (bits) changed by the 
execution itself of tfiis instruction, but 
there are no flags changed by the result 
of the execution. 

1 Machine cycle 

The bit field of the status register 

defined by low order 2 bits "b" of the 
St to a "1". 



instruction is set 



Modifiable Index > SD, M 

Instruction 
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23,. RSB (Reset Status Bit) : Reset Status Bit Instruction 
< Symbol Instruction > 

SRB b (3Sb 0) 
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INTEGRATEDC I RCUIT 



TECHNICAL DATA 



TMP4310AP TMP4315BP 
AP TMP4300C 



<. Machine Code 



MSB 
7 6 
I 



5 4 
1 



3 2 
1 



I.SB 




1 1 bi bo 



Operand 



bi b 



Function ^> 
<Z Status Flag 



< Execution Cycle > 

^ Explanation of 
Function 



(ST) 



(ST) A Ones < b > (ST <b>-0). 



< 



Modifiable Index 



Instru. 



ction 



There may be flags (bits) changed by the 
execution itself of this instruction, but 
there are no flags changed by the result 
of the execution. 

1 Machine cycle 

The bit field of the status register 
defined by the low order 2 bits "b" of 
the instruction is set to a "0". 

SD. M 



24) LFB (Load complemented status Bit to F) 

Load and Complement Status Bit to F Instruction 

< Symbol Instruction > 



Machine Code 



(3 > b -, 0) 



MSB 
7 



_5 4 

1 



LSB 








1 



' b] ' bp] 



Operand 



bi bo 



< Function > 

< Status Flag 



(F) - ST .-.b> 

(F) : According to condition of ST-.b,- 
(C) : No change 



< Execution Cycle > 



1 Machine cycle 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP 



THP4315BP 



TMP4320AP TMP4300C 



Explanation of ^ 
Function 



^ Modifiable Index 
Inst ruct ion 



If the bit content of status register 
designated by lower order 2 bits of the 
instruction is I, it is inverted to 0, 
and it is 0, it is inverted to 1, and then 
it is loaded into F bit. 

S, M 



5.4 ROM readout instruction 

SDC is the instruction by which the address on ROM of fixed data 
is set into data counter DC. LRL and LRH are the instructions by 
which ROM data are readout in the 4-bit unit. 



'25- SDC (Set Data Counter) : Set Data Counter Instruction 
<C Symbol Instruction •> 

SDC a 16£a< 2032, where "a" is 

( integral multiples of 16. ) 
i.e. a= 16n,l ^ n < 127 



*C Machine Code ^ 



1st By^ 



te 



MSB LSB 

76543210 
1 1 1 1 1 1 1 

1 





2nd Byte 



7 6 5 4 3 2 1 
1 1 1 1 1 1 i 



a b a 5 a 4 1 ° I a l° a « 



• Operand a = a 10 a g a g a ? a fi a 5 a 4 0000 



< Function ^ > 

(t»C H ) — a 10 a 9 a 8 

(DC M ) — a 7 a 6 a 5 a 4 y (ZR) j. i.e. (DC) 

(DCL) — M[(H-L)] 

< Status Flag > 



(F) : No change 
(C) : No change 



■a+M[(H-L)] 



Execution Cycle > 2 Machine cycle 
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Explanation of 
Function 



Data Counter 



MSB 

in 



This instruction sets ROM address into 
the data counter. The higher order 3 
bits of ROM address to be set are im- 
mediate values, and the intermediate 4 
bits are the logical sum of intermediate 
value and virtual source register ZR, 
of which content is "0", and the lower 
order 4 bits are the content of RAM ad- 
dress indicated by H register and L re- 
gister. When source register is de- 
signated by the index instructions, ZR 
OR-ed to the intermediate 4 bits becomes 
the content of its source register, be- 
ing effectively activated. 
The content of data counter after the 
execution of instruction is as follows, 
if it is not modified by index instructions: 

LSB 

9876 54 3210 



1 1 

a 10 a 9 ag 



a 7 a 6 



1 r 

a 5 a 4 I 



M[(H-L)] 



Modifiable Index 
Instruction 



S, M 



'"26) I..RL (Load ROM Lower data) : Load ROM Lower Data Instruction 
Symbol Instruction ^ 



< Machine 



LRL 
















MSB 

7 


6 


5 


4 


3 


2 


1 


LSB 



- T 









1 











1 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



< Function > 

< Status Flag > 



< Execution Cycle Z> 

Explanation of ^ 
Function 



< 



Modifiable Index 
Instruct ion 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



(AC ) — ROM, [(DC)] 

(F) : No change 
(C) •: No change 

2 Machine cycle 

This instruction loads the accumulator 
with the lower order 4 bits of the 
content of ROM address desig 
the content of data counter. 

R, M 



;nated by 



RLH (Load ROM Higher data)' : Load ROM Higher Data Instruction 
Symbol Instruction > 





LRH 












< Machine Code > 


MSB 
7 


6 


5 4 


3 2 


1 


I.SB 













1 

1 1 


i i 




1 


l 



















<C Function > 

< Status Flag > 

<; Execution Cycle > 

Explanation of 
Function 



(AC) = ROM H I (DC)] 

(DC) ■ (DC) + 1 



(F) : No change 
(C) : No change 



2 Machine cycle 

This instruction loads the accumulator 
with the higher order 4 bits of the 
content of ROM address designated by the 
content of data counter; after-ward, the 
content of data counter is increased by 
one. 



Modifiable Index 
Instruct ion 



D, M 
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6 Subroutine Instructions 

When subrout ine cal 1 and interrupt operation are performed , Che value 
of PC should be stored in a stack in order to keep return address. 
Four levels of PC stacks are provided for the interrup operation and 
the subroutine call, enabling four-level nesting to be performed. The 
4th stack serves for data counter DC; therefore, when data counter is 
in use, the operation of nesting should be restricted to three levels. 
Otherwise , the con tent of data count er is des t royed , resulting in the 
deletion of the return address. When the four-level nesting is in 
operation, no interrupt operation is performed. Also, no storage of PC 
by call subroutine instruction is performed. 



(28) CAI, (Call subroutine) : Call Instruction (2 Bytes) 
<1 Symbol Instruct ion > 



<C Machine Code > 



Function > 
< Status Flag > 

Execution Cycle ^-* > 



< 
< 



Explanation of 
Function 



CAI. 
MSB 



(0 < a S.2047) 



I.SB 




1st Byte 


1 


i 

1 





1 




1 


1 

a 10 a 9 


T 

H 




7 


6 


5 


4 


3 


2 1 





2nd Byte 


a 7 


a 6 


1 

a 5 


1 

a 4 


a 3 


1 

a 2 a l 


i ■ 

a 



Operand a = a^o a 9 a 8 a 7 % ft, n$ 83 "l "0 
(PC) -(STK) push down 

(PC) — a 



(F) 
(C) 



No change 
No change 



2 Machine cycle 

This is a subroutine call instruction 
which directly indicates the entry 
address of subroutine. 
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TECHNICAL DATA 



TMP4310AP 
TMP4320AP 



TMP4315BP 
TMP4300C 



< 



Modifiable Index 
Instruct ion 



The return address is put into a stack, 
and the designated value (the entry address 
of subroutine) a=alOa9a8a7a6a5a4a3a2alaO is 
set to PC. 

The stack of return address is a push down 
stack which can be stacked up to 4 levels. 
Since the fourth level is a data counter, 
precautions for use should be taken. 



> 



No instruction 



@ CIS (Call Subroutine by single byte) : Call by Single Byte 

Instruction 



<- Symbol Instruction > 
<C Machine Code > 



CLS i 

MSB 
7 6 5 



(0 <i <15) 



LSB 

3 2 10 



-1 1 ' 1 1 1 r 

ta 1 2 til J 



< Function > 



Operand i=i 3 i 2 iiio 

(PC) -(STK) push down 

(PC) — — i x 8 + 4 



< Status Flag > 



(F) : No change 
(C) : No change 

< Execution Cycle > 1 Machine cycle 



< 



Explanation of 
Funct ion 



This instruction stores a return ad- 
dress into a stack, calculates (=000 
i3i2ili()100) i x 8 + 4 as subroutine 
entry address f rom the entry address 
No . i designated to the operand, and 
sets the result to PC. 
The stack of return address is of 
push-down stack which can stack as 
high as 4 levels. 
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I NTEG R ATED C I RCU I T 



TECHNICAL DATA 



< Modifiable Index ^ 
Instruction * 



TMP4310AP 
TMP4320AP 



TMP4315BP 
TMP4300C 



Since the fourth level is a data counter, 
precautions for use should be taken. 

No instruction 



'30) RTN (Return) : Return Instruction 

< Symbol Instruction > 

RTN 

< Machine Code > MSB 

7 6 







< Function > 

< Status Flag > 

<T Execution Cycle > 



(PC) — (STK) last in data 



(F) 
(C) 



No change 
No change 



LSB 




1 1 r 

111 



< 



Explanation of 
Function 



^- Modifiable Index 
Instruction 



1 Machine cycle 

This instruction causes a return from 
an interrupt routine and a subroutine 
to the main program. The newest return 
address stored in the stack is loaded 
into the program counter. 

No instruction 



Branch Instruction 

Among the branch instructions, there is an on-condition-set/cleared 
branch instruction of which condition is decided whether or not branch 
operation is performed depending upon the value of F flag in the 
program status register; therefore, it should be considered how the 
value of F flag is changed by the data processing instruction just 
before the use or the conditional branch instruction. BRC is limited 
in branch range, but this instruction can reduce the number of bytes 
of ROM because of a single byte instruction. 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



The unconditional jump instruction shifts unconditionally the 
execution flow of the instruction to the address indicated by the 
address field of this instruction. 



BRC (ranch on Condition set) 



1 Forward 



Branch on (F) 
Instruction 

'32) BRC (Branch on Condition set) : Branch on (F) ■ 1 Backward 

Instruction 

< Symbol Instruction > 

BRC a a< 2047, 

("16£a - $£15 ) 



< Machine Code > MSB 

7 6 



n r-^- 

l l s 



LSB 

3 2 10 
1 1 1 

i3 i2 il iO 



a-S=i3i2ili0 
a-$a0, "5"=! . 

a-$<0, F=0 . 



Branch on(F)=l Forward 
Instruction 



Branch on(F)=l Backward 
Instruction 
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< Function > if (F)=l then (PC)— a, else No 

operation ((PC)^(PC) + 1) 

< Status Flag > (F) : No change 

(C) : No change 

<; Execution Cycle > 1 Machine cycle 

Explanation of ^ If F flag of status flag is set to "1", 

Function fc*< va l ue of program counter is changed 

to the absolute address "a" defined by the 
operand field of the instruction. In the 
other cases, the program counter advances 
by one and execution of the next instruction 
will be initiated without any other 
operations. 

TOSHIBA CORPORATION 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



THP4310AP 



TMP4315BP 



TMP4320AP TMP4300C 



< 



Modifiable Index 
Instruction 



The range of absolute address "a" is 
-16 - 15 against ROM address "$" stored 
by this instruction itself. 

No instruction 



(33) .ICS (Jump on Condition Set) : Jump on(F)= 1 Instruction 

< Symbol Instruction 5* 

JCS a (0^3^ 2047) 

< Machine Code > MSB LSB 



1st Byte 



2nd Byte 



< Function > 

< Status Flag > 



< Execution Cycle > 

Explanati 
Function 



^ Explanation of ^ 



Modifiable In 
Instruction 



7 


6 


5 


4 


3 


2 


1 





1 


1 

1 


! 

1 








1 1 

! a io 
i 


a 9 


1 

a 8 


7 


6 


5 


4 


3 


2 


1 





»7 


I 

a 6 


T 

a 5 


a 4 


a 3 


1 t 

a 2 


a l 


t* 

a 



Operand a=aio a 9 a 8 a 7 a 6 a 5 a 4 a 3 a 2 a l a O 
if (F) = l then (PC)— a, else No Operation 



(F) 
(C) 



No change 
No change 



2 Machine cycle 

If F flag is set to "1", this instruction 
causes to branch to the address "a" 
indicated by the lower order 11 bits of 
this instruction. In the other cases, 
execution of the next instruction with 
be initiated without any other operations. 

nstruction 



(34) JCC (Jump on Condition Cleared) : Jump on (F)=0 Instruction 
< Symbol Instruction > 

JCC a (0 < a S2047) 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



Machine Code > 

1st Byte 



2nd Bvte 



MSB 












I.SB 


7 6 


5 


4 


3 


2 


1 





1 1 

L 1 


1 





I 

1 


I 

aiq 


14 


1 

38 


7 6 


5 


4 


3 


2 


1 





I 1 

a? 36 


35 


34 


33 


I 

32 31 


1 

30 


Operand 


a- 


' a 10 


a g ^ 


8 a 7 


a 6 


a s a u 



< Function > 

< Status Flag > 



if (F)=0 then (PC)— a, else Nr. Operation 
(F) : No change 



(C) : No chsnge 

< Execution Cycle > 2 Machine cycle 

— Explsnstion of ^ If F flsg is clesred to "0", this 

Function instruction causes to branch to the 

address "s" indicsted by the lower order 

11 bits of the instruction. In the other 

esses, execution of the next instruction 
will be initiated without any other 
operat ions . 



Modifiable Index 
Instruction 



> 



No instruction 



(35) JMP (.lump) : Unconditional Jump Instruction 
<C Symbol Instruction > 



JMP 



(0 S a £.2047) 



< Machine Code > 

1st Byte 

2nd Byte 



MSB LSB 

7 6 5 4 3 2 1 



1 1 1 1 1 1 1 

1 1 I 3 10 3 9 3 8 



1 



! 3 a 2 a l a 



Opersnd a =a^Q ag a^ ay a^ a^ 34 33 32 a^ ao 
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TECHNICAL DATA 



THP4310AP TMP4315I 
THP4320AP TMP4300C 



BP 



<C Function ^ 
<C Status Flag > 

<C Executio Cycle 

Explanation of 
Function 



j Modifiable Index -p. 
Instruction 



(PC)^-a 

(F) : No change 
(C) : No change 

2 Machine cycle 

This instruciton causes an unconditional 

branch to the address "a" indicated by 

the lower order 11 bits of the instruction. 

No instruction 

■ 
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THP4310AP 
TMP4320AP 
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TMP4300C 



[OPERATION DESCRIPTION] 



1. Basic Cluck 

The basic dock generates Che basic timing sequences required for the 
operations of 1I.CS-43. There are the following methods of options 
generating the basic clock. 

(1) Direct Connection of the Oscillator 

When a crystal osci 1 lator, or a ceramic 
oscillator, or a IFT, is connected as 



X IN 



x OUT 



-Oh 



4=Cl N 



TtT 



■i= COUT 



(2) Supply of External Clock 





X IN 


x OUT 1 






+5 


OPEN 


External 




3scil lntor 





(3) Internal Oscillation 



|fEST 



R » 4 3ksl 



shown at the left, the frequency of Tl.CS- 
43 basic clock is equal to that of the 
oscillator. (Except TMP4 3 1 OAP) 



The basic clock of TLCS-43 can also be 
supplied by an external oscillator circuit 
as shown at the left. 
The external clock input should be 
sinusoidal or square wave vibrating with 
levels between volts and 5 volts. 



The basic clock of TMP4 310AP can be 
obtained by connecting the resistance as 
shown in the left figure, 
(fosc = 250kHz - 450 kHz at R=43kS!) 
(Except TMP4315BP, TMP4320AP, TMP4300C) 



2. Initialize Operation 

The initialize operation of TLCS-43 is performed by placing RST terminal 
at the low level as shown below. The minimum time period of four 
basic clock cycle is required for the low level pulse width. 



RST 
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TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



0<V<1.5 cycles 


1.5 cycles<W<4 cycles 


4 cycles <W 


The initialize 
operat ion is not 
performed . 


Whether or not the ini- 
tialize operation is 
not definite. 


The initialize 
operation is 
performed . 



One cycle Is equal to one cycle of the basic clock. 



The Initialize operation performs the following functions. 



Block 


Symbo 1 


Initialize Function 


Program counter 


PC 


Cleared to "0" 


Interrupt latch 


IL 


Cleared 


Interrupt flag 


IM 


Cleared to "0" disabling interrupt. 




0T0 


All bits are set to "1". 


Output port 


T01 


All bits are set to "1". 


0T2 


All bits are set to "1". 




0T3 


All bits are set to "1". 




.00 


All output bits are set to "1". 


Input/Output 


101 


All output bits are set to "1". 


port 


102 


All output bits are set to "1". 


Stack 


STK 




Made empty. 



While RST terminal is held at the low level, only the above functions 
are taken place and other operations, such as execution of program are 
not performed. 

When RST terminal is returned to the high level, the program starting 
from address is executed. 

(Note) C, F and G of the status register are not reset. 

Therefore, these must be taken care of by the program. 

And any index instructions executed prior to the initialization 

are ignored. 
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TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



L 



Tn i t ial i ze 
Switch 



R'ST 



If a capacitor is connected to RST 
terminal as shown at the left, tin- 
initialize operation is automat ica'l ly 
performed when the power supply is 



-r L turned on. And if it is required to 

W ~ perform the initialize operatiou manually, 

a switch should be connected for this purpose. 

Interrupt Operation 



(1) Interrupt Operation 

TI.CS-43 has the function which allows the interrupt operation to be 
triggered externally. The interrupt operation is performed by hold- 
ing INT terminal at the low level for four basic clock cycles or 
more. However, several conditions must be satisfied to initiate the 
interrupt operation. Such conditions are as follows. 

1. Interrupt flag IM has been set and one or more instructions have 
veen executed after the flag was set. 

2. Four levels of subroutine nesting have not been performed. 

The interrupt request signal from outside is retained in interrupt 
latch II. located inside and once an interrupt is accepted, IL and 
inteerupt flag IM are cleared. 

If it is desired to trigger an inteerupt again, INT terminal must 
be returned to the high level (for two basic clock cycles or more) 
and must be placed at the low level again. Repetitive interrupts 
are not accepted keeping TNT terminal at the low level. 

Setting and repetitive setting of IL by TT5T signal are performed 
in the following timings. 



(Sett ing Timing of II.) . 
INT 



0< W< 1 cycle 


1 cycle^W<4 cycles 


4 cyrles^W 


tli is not set . 


Whether or not IL is 
set is not definite. 


IL is set. 
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TMP4310AP TMP4315BP 
BMP4320AP TMP4300C 



(Repetitive Setting of IL) 

--4 cycles or more 

INT 



4 cycles or more - 



W = 


0<W' < 2 cycles 


2 eyclestSW 


IL is not set 
again. 


Whether or not IL is 
set again is not 
definite. 


IL is set again. 



Where one cycle is equal to one cycle of the basic clock. 

When an interrupt is accepted, the content of program counter PC 
is pushed down to stack STK and the entry address (address 2) of 
the interrupt service routine is set in the program counter. 

The accumulator, the status register, L register and H register 
which are used in the interrupt program must be saved into RAM 
area in the service routine. 

When returning to execution of the main routine after completing 
the interrupt routine the saved registers are returned and the 
interrupt flag which has been reset is set to "1". Then, execution 
of Return instruction causes to return to execution of the main routine. 



(2) Timing of Interrupt Enable/Disable 
(T) Interrupt Flag Set/Reset 



? 


SSB2 


XXX 


RSB2 


XXX 


SSB2 


XXX 


SSB2 





tni t ialize 



iist rue t ion ) 



Inte 



rrupt enable\ 
State " 



Interrupt disable 
State 



Initialize 



Disable 



tenable 



Disable 



-'c kl. r\," 1.1- 



Enable Disable 



The interrupt is enabled, when one instruction has been executed 
after SSB2 instruction was executed, and immediately disabled by 
execution of RSB2 instruction. 
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TMP4320AP TMP4300C 



TMP4300C 



(T) When stack is used up to the deepest level (level 3) 
(Assumpt ion : IM flag is set "1" constantly) 



CAI. xxx 



CM. 



RTN 



Level 3 \ 
Level 2 



Level 1 

Level 
Interrupt enahle state 



Inteerupt disable state Enable 



Disabl e 



Kna 1 be 



Even if IL and IM have been set, if the stack is occupied fully 
up to the deepest level (level 3), any interrupt are not accepte 
and must wait until level 3 becomes available. 



(3) Relationship between INT Signal and RST Signal 



INT 



When the interrupt request signal and the initialize signal occur 
simultaneously, the operation shown in the following examples 
takes place. 





— 4 cycle or more— - 








- D' 





RST 



1= ' 

r— A cycle or more-H 



I)' <i cycle The interrupt request is accepted after 

the initialize operation. 
1 cycle^j'O cycles ... Acceptance of the interrupt request 
is not definite after the initialize 
operat ion . 

e operation performed 
and the interrupt request is not 
accepted. 

Where one cycle is equal to one cycle of the basic clock. 



D'> 5 cycles Only the initis 
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Types of Output Buffers 

For the output buffers of output ports and input/output ports, the 
following types (A) or (B) can he specified by designating a mask 
option. Since these types are selected by the same mask as the user 
program mask, these must be specified based on the mask ROM data type 
format. (Refer to the mask ROM data tape format.) 

When data is input from the input/output ports, the output data must, 
have been set to "1" in advance for both (A) and (B) types. 

For the electrical characteristics, refer to the paragraphs of ABSOLUTE 
MAXIMUM RATINGS and DC CHARACTERISTICS. Since the pull-up resistors 
are provided by MOS transistors, the characteristics are somew'iat 
different from normal resistors. 

v dd. : 



GND ifrr 

V OH^ 2 - AV(I OH = - 10 ° A) 
V QL <L 0.4V(I OL = 1.6mA) 

(A) With Pull-up Resistance 



-£>-|[ 



V OL <0.4V(I Lo =l.hmA) 
(B) Open Drain 



Since all the bits of TMP4300C output ports and input/output ports 
are the open drain type, the mask option can not be specified. 

5. Pull-up Resistors of RST Terminal and INT Terminal 

All versions of TLCS-43 are provided with the pull-up quasi resistors 
(typical valve of 100k ohms) fabricated with MOS transistors for RST 
and INT terminals. The guaranteed valve of general electrical 
characteristics of these resistors are Ijjr^ MAX. =-0.1 mA(V IN =0. 6V) . 
(Refer to DC CHARACTERISTICS.) 
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[EVALUATOR CHIP DESCRIPTION] 

TMP4300C is the evaluator chip which is used for development of the 
application systems (or programs) for TIXS-43. 

For these purposes, some terminals and functions have been added to 
TMP4300C in addition to those of other Ti.CS-43 chips. 

The terminals and the functions dedicated to TLCS-43 development tool 
(TDS400/43) are also provided, and refer to the operation manual of 
TDS400/43 for detaiTs. 

1. Operation Timing 

The normal operation timing of TMP4300C is shown in the figure below. 
The timings of the initialize operation and the interrupt operation 
are exactly same as the operation timings of other TLCS-43 chips. 



Basic clock 40 

cue 1 

AO " A 10 
10 " 17 




_j i — r 

I X <pc> _ X (po x 



1 I I I L 



(DC) 



r 



Instruct ion 



2. Example of TMP4300C Application 

The diagram below illustrates an example of connection with an EPROM, 
which allows the program confirmation before confirming program to 
ROM. 

* TMM323C is 2716 type EPROM with 16K bits (2,048 words x 8 bits) 
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5V 
9 



5V 



(Output data) / 



(I/O data) 

12 

(Input data) / ^ > 



(Init ial Lze input ) 
(Interrupt input) 



OTC-OT2 
IOC- 102 

INC-1N2 
RSf 



A <r A io 



TMP4 300C 



INT 



IN 



x OUT 



ID GND CLK 1 



11 



(ROM address) 



c — r 



(Instruction/ 

ROM data) 



- (Monitor) 



AC-AlO 



TMM323C 



°0-°7 PD/PGM 



GND 



TTTT TtT 

3 Caution for Using 102 Port 

The output port and the input/output port of TLCS-43 have the con- 
figurations shown below. 



(Output port) 
A 



TLCS-4 3 



Buffer/Driver | 



I Gate | | Latch | 

v n_ 



Internal Bus 



(Input/Output port) 









TLCS 


-43 










u 





Gate I Latch/Driver 



Internal Bus 
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TMP4300C 



Therefore, when a circuit which clamps the output voltage level is 
directly connected externally to the terminal, and the output data 
is referenced hy the program, it can he correctly read for the output 
port. However for the input/output ports there is possibility of reading 
erroneous data if the input voltage level is not secured by the clamp 
circuit. In order to read the data correctly, the terminals and the 
clamp circuits are required to be separated by the buffer circuits. 

When a system development is conducted for TMP431 5 BP and TMP4320AP using 
TMP4300C, the pairing port for the output port 0T3 is the input/output 
port 102. Therefore, when it is required for a program to reference 
output data in 0T3 port in a system using TMP4315BP or TMP4320AP,care 
should be taken not to directly connect a circuit which clamps the 

TMP4 300C. 



output level to 102 port, during the evaluation stage using 

(Circuit of Actual Application) (Circuit of Evaluation Stage) 




Voltage level 
Clamp circuit 



Voltage level 
Clamp circuit 



TMP4 315BP 
TMP4 320AP 



I 013 I 



_0_ 



Buffer circuit 









TMP4 300C 







I C) 2 
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TMP4310AP ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Symbol 


I tern 


Rat ing 




VdD Supply Voltage 




vdd 


Input Voltage 


-0.5 V to 7V 


Vquti 


Output Voltage (Except Open Drain Pins) 


-0.5V to 7V 


v OUT2 


Output Voltage (Open Drain Pins) 


-0.5V to 10V 


z OUTl 


Average Output Current (Except OT1) 


4mA 


X OUT2 


Output Current (0T1) 


30mA 


Pd 


Power Dissopation (TA=70°C) 


70 0mA 


T SOLDER 


Soldering Temperature (Soldering Time lOsec^ 


260°C 


T STG 


Storage Temperature 


-55°C to 125°C 


T OPR 


Operating Temperature 


-10°C to 70°C 



DC CHARACTERISTICS 



T A =-10°C to 70°C , V DD =5V + 10 %, Unless Otherwise Noted 



Symbol 


Parameter 


Test Conditions 


Min . 


Typ. 


Max . 


Units 


VlHl 


Input High Voltage ( INO, 100 , 101 , 102 , RST) 




2.2 




Vdd 


V 


V 1H2 


Input High Voltage (TW) 




3.5 




v D d 


V 


VlL 


Input Low Voltage 









0.1 


V 


VCH 


Clock Input High Voltage (Xf^) 


External Drive 


3.8 




Vdd 


V 


V C L 


Clock Input Low Voltage (Xj;^) 


External Drive 







0.6 


V 


I INI 


Input Current (INO) 




VlN=V D D 






20 


MA 


: IN2 


Input Current(I00,I01, 102) 


Open Drain 


VlN=V DD 






20 


PA 


PuU Up 














Input Low Current 
(100, 101, 102) 


Open Drain 












Pull Up 


Vin=0.6V 






-1.6 


mA 
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I NTEGR ATED C I RCU I T 

TECHNICAL DATA 



Symbo 1 


Parameter 


Test Condition 


Min. 


Tv p. 


Max . 


Unch 


IL2 


Input Low Current (RST, INT) 


V IN =0.6V 






-0.1 


mA 


'u> 


Output Lead Current 
(OTO, OT1) 


Open Drain 


•out =v dd 






20 


HA 


Pul 1 Up 












V ( )H 


Output High Voltage 


Open Drain 












Pull Up 


IOH=-100uA 


2.4 






V 


V<)I. 


Output Low Voltage (Note) 


IoL=l • 6mA 






0.4 


V 


1 on 


V nn Supply Current 






40 


80 


mA 



Note: Output port OT1 can sink large current. (1 l TYP . =20mA, V 0L =2 . Of) 
While sinking large current, the output low voltage (V 0L ) limit is 
the following value. 

V 0L Max.=0.5V (I ,= 1.6mA) 



AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 

Ta=-10°C to 70°C , V DD =5V ± 10 "/.. , Unless Otherwise Noted. 



Symbol 


Parameter 


Test Condition 


Min. 


Typ. 


Max. 


Units 


Ho 


Clock Cycle Time 






2 




5 


lis 




Input Set up Time 






0.9 






115 


L H 


Input Hold Time 






0.9 






lis 




Output Delay Time 


Cl=50PF,R(Pu11- 
up)=50k ,JTTL 






1.8 


|1S 


tlNT 


INT Low Level Pulse Width 




4 






Clock 
Cycle 


t RST 


RST Low Level Pulse Width 




4 






Clock 
Cycle 


fosc 


Internal Oscillation Frequence 


R=4 3k 


250 




450 


kHz 



TMP4310AP TMP431 5BP 
TMP4320AP THP4300C 
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TMP4315BP ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



Symbol 


Item 


Rating 


V DD 


Von Supply Voltage 


-0.5V to 7V 


VlN 


Input Voltage 


-0.5V to 7V 


v oun 


Output Voltage (Except Open Drain Pins) 


-0.5V to 7V 


v OUT2 


Output Voltage (Open Drain Pins) 


-0.5V to 10V 


"UlUTl 


Average Output Current 


4mA 


pd 


Power Dissopation (TA=70°C) 


700mW 


I SOLDER 


Soldering Temperature (Soldering Time, lOsec.) 


260°C 


TSTG 


Storage Temperature 


-55°C to 125°C 


TOPR | Operating Temperature 


C to 70 C 



<C CHARACTERISTICS 



TA=-10°C to 70°C, V DD =5V ± 10 %, Unless Otherwise Noted. 



Symbo 1 


Parameter 


Test Condition 


Min. 


Typ. 


Max. 


Units 


V IHI 


Input High Voltage ( INO , INI , IN2 , 100 , IOl , 
1ST) 




2.2 




vdd 


V 


V IH2 


Input High Voltage (INT) 




3.5 




vdd 


V 


V IL 


Input Low Voltage 









0.6 


V 


V C H 


Clock Input High Voltage (XtjO 


External Drive 


3.8 




vdd 


V 


V CL 


Clock Input Low Voltage (Xjn) 


External Drive 







0.6 


V 


X IN1 


Input Current (INO, INI , IN2) 


VlN=VDD 






20 


UA 


X IN2 


Input Current (100, 101 ) 


Open Drain 


V IN =V DD 






20 


A 


Pull up 












till 


Input Low Current 
(100,101) 


Open Drain 












Pull Up 


V IN =0.6V 






-1.6 


mA 


IlL2 


Input Low Current (RST, INT) 


V IN =0.6V 






-0.1 


mA 


r LO 


Output Lead Current 
(0T0,0T1,0T2,0T3) 


Open Drain 


v 0UT= v DD 






20 


ii A 


Pull Up 












V OH 


Output High Voltage 
(Except X 0UT ) 


Open Drain 












Pull Up 


lOH"- lOOuA 


2.4 






V 


Vol 


Low Output Voltage(Except XrjUT) 


If)L = l - 6mA 






0.4 


V 


: DD 


V DD Supply Current 






40 


80 


mA 
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HIS TECHNICAL DATA 



Toshiba 



TMP431 OAP 
TMP4320AP 



TMP4315BP 
TMP4300C 



AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 

TA=-10°C to 70°C, V |)D =5V - 10 1, Unless Otherwise Noted. 



Symbol 


Parameter 




Min. 


Typ . 


Max . 


Units 


c «(o 


Clock Cycle Time 


Test Condition 


2 




5 


|JS 




Input Set up Time 




0.9 






us 




Input Hold Time 




0.9 






u s 


tD 


Output Delay Time 


Cr^SOPF.RCPull up) = 50kfi , 1TTL 






1.8 


p s 


"1ST 


INT Low Level Pulse Width 






4 






Clock 
Cyc le 


C RST 


RST Low Level Pulse Width 






4 






Clock 
Cycle 
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TMP4310AP 
TMP4320AP 



TMP4315BP 
TMP4300C 



TMP4320AP ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



Symbol 


Item 


Rat ing 


V DD 


V nD Supply Voltage 


-0.5V to 7V 


VlN 


Input Voltage 


-0.5V to 7V 


V(1UT1 


Output Voltage (Except Open Drain Pins) 


-0.5V to 7V 


V ()UT2 


Output Voltage (Open Drain Pins) 


-0.5V to 10V 


! OUTl 


Average Output Current (Except 0T1.0T2) 


4mA 


Tf)UT2 


Output Current (OTL, 0T2) 


30mA 


Pn 


Power Dissipation (TA=70°C) 


850mW 


'solder 


Soldering Temperature (Soldering Time lOsec.) 


260°C 


T STG 


Storage Temperature 


-55°C to 125°C 


T OPR 


Operating Temperature 


-10°C to 70°C 



DC CHARACTERISTICS 

TA=-10°C to 70°C, V n 



=5V * 10 I, Unless 



se Noted 



Symbol 


Parame L er 


Test Conditions 


Min. 


Typ. 


Max . 


Units 


VlHl 


Input High Voltage (INO, INI , I N2 , IOO , 10 1 , RST) 




2.2 




Vdd 


V 


V IH2 


Input High Voltage (INT) 




3.5 




vdd 


V 


»It 


Input Low Voltage 









0.6 


V 


V C H 


Clock Input High Voltage (Xuj) 


External Drive 


3.8 




vdd 


V 


VCL 


Clock Input Low Voltage (Xjn) 


External Drive 







0.6 


V 


IlBl 


Input Current (INO, TnT, IN2) 


VlN= v DD 






20 


[I'A 


[ IN2 


Input Current (100,101) 


Open Drain 


V IN= V DD 






20 


nA 


Pull up 












r ILl 


Input Low Current 
(IOO, 101) 


Open Drain 












Pull Up 


VlN=0.6V 






-1 .6 


mA 


1 11.2 


Input Low Current (RST, INT) 


V IN =0.6V 






-0.1 


mA 


'lo 


Output Lead Current 
(0T0, 0T1, 0T2, 0T3) 


Open Drain 


v 0UT =v DD 






20 


HA 


Pull Up 












V 0H 


Output High Voltage 
(Except Xqut) 


Open Drain 












Pull Up 


I OH =-100uA 


2.4 






V 


V 0L 


Output Low Voltage (Except Xqut) (Note) 


I 0L =1.6mA 






0.4 


V 


C 0B 


Vqq Supply Current 






40 


80 


mA 
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SEMICONDUCTOR 



TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



Note: Output port OT1 and 0T2 can sink large current. ( I 0I .TYP.=20mA, 
V 0L =2 OV) 



While sinking large current, the output low voltage (Vq(,) limit 
is the following value. 

V 0L Max.=0.5V (I 0L =l.nmA) 



AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 

TA=-10°C to 70°C, V DD =5V + 10%, Unless Otherwise Noted. 



SYMBOI 


Parameter 


Test Conditions 


Min 


Typ. 


Max. 


Units 


Uo 


Clock Cycle Time 




2 




5 


MS 


is 


Input Set up Time 




0.9 






US 


tH 


Input Hold Time 




0.9 






MS 


to 


Output Delay Time 


C L =55pF,R(Pull up) = 50KJl,lTTL 






1.8 


us 


C INT 


INT Low Level Pulse Width 




4 






Clock Cycle 


tRST 


RST Low Level Pulse Width 




4 






Clock Cycle 
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m INTEGRATEDCIRCUIT 

HI2 TECHNICAL DATA 



TI1P4300C ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



Symbo 1 


I t em 


Ra ting 


DD 


V~t> SuddIv Voltapc 


-0.5V to 7V 


VlN 


Input Voltage 


-0.5V to 7V 


V 0UT1 


Output Voltage (Except Opei Drain Pins) 


-0.5V to 7V 


VoL'T2 


Output Voltage (Open Drain Pins) 


-0.5V to 10V 


[ OUTl 


Average Output Current (Except OT1 , OT2) 


4mA 


r OUT2 


Output Current (OT1 , OT2) 


30mA 


?n 


Power Dissipation (TA=70°C) 


1W 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec.) 


260°C 


' STG 


Storage Temperature 


-55°C to 125°C 


TOPR 


Operating Temperature 


-10"C to 70°C 



DC CHARACTERISTICS 

TA=-10°C to 70°C, V nD =5V + 10 X , Unless Otherwise Noted. 



Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Uni ts 


VlH] 


Input High Voltage (Except INT, Xifj) (Note) 




2.2 




VDD 


V 


V IH2 


Input High Voltage ( 1 NT ) 




3.5 




Vdd 


V 


VlL 


Input Low Voltage 









0.6 


V 


VCH 


Clock Input High Voltage (Xtn) 


External Drive 


3.8 




V DD 


V 


V C L 


Clock Input Low Voltage (Xin) 


External Drive 







0.6 


V 


IlN 


Input Current (Except RST, INT) 


VlN=VDD 






20 


!i A 


1 11,2 


Input Low Current (RST, INT) 


Vtn=0.6V 






-0. 1 


mA 


lLO 


Output Lead Cur rent (OTO ,0T1 ,OT2 ) 


Vout=vdd 






20 


MA 


VOH 


Output High Voltage (A0-A1 0, CLK1 ) 


I nH =-100uA 


2.4 






V 


Vol 


Output Low Voltage (Except Xout) (Note) 


IOL=: -°mA 






0.4 


V 


! DD 


V DD Supply Current 






70 


120 


mA 



Note: Output Port OTl and 0T2 can sink large current. (Ioi, TYP.=20mA, 

Vq|=2.0V) While sinking large current, the Output Low Voltage 

(Vol) limit and the Input High Voltage (Vinl) limit are the 

following values. 

Vql Max.=0.5V to 0.6V (I 0L =1.6mA) 
V IH 1 Min.=2.3V to 2.4V 
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TMP4310AP THP4315BP 
TMP4320AP TMP4300C 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 

AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1) (2). 

TA=-10°C to 70°C, V DD =5V + 10 X, Unless Otherwise Noted. 



Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max . 


Units. 


Mo 


Clock Cycle Time 




2 




5 


us 


t 

s 


Input Set up Time 




0. 9 






MS 


tfl 


Input Hold Time 




0.9 






PS 


t[) 


Output Delay Time 


C L =50PF,R(Pull up) = 50k!2 ,1 TTL 






1.8 


MS 


t [NT 


INT Low Level Pulse 
Width 




4 






Clock Cycle 


CRST 


RST Low Level Pulse 
Width 




k 






Clock Cycle 


C CD 


Clock Output Delay 
Time 


C L =50PF, 1 TIL 






0.4 


MS 


11 AD 


Address Output 
Delay Time 


C,=50PF, 1 TIL 






0.95 


us 


tis 


Instruction Input 
Set up Time 




0.4 






us 


till 


Instruction Input 
Hold Time 











us 


c IDS 


ID Input Set up Time 




0.4 






MS 


tlDH 


ID Input Hold Time 




0.95 






US 



TMP4310A^tS315BP 
TMP4320AP TMP4300C 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP4310AP TMP431 5BP 
TMP4320AP THP4300C 



TIMING WAVEFORMS 



Basic Clock Hq) 



Input 



Output 



Basic Clock (rfrj) 



CLK 1 



IMachine Cycle 



tj(OL 



\ I 3.8V J,- 3.8V-,- 3.8V -\- 

- ^-o.6v y f-o-ftv J -n.fev y T ^Q-fev M 



tj(OH 



OH Min.=0.9 u S 
OL Min.=0.9gS 




3* 



6V 



tjSOH 



0.6V 



7 L 2.2V ~~ \ 7 -2.2V 

/ / 



ROM Address Output 
(A - A 10 ) 



Instruction Input /// 

do - 17) 



/ \ 3.8V-^ 3-3. 8V tj( OH Min.=0.9u 
J-0.6V - r0.6V / \ tji OL Min.=0.9u 



US 
.9uS 



- IS 



2. 2V 
0.6V 



2V 
6V 



ID 



I'lDH [ 



2.2V 
0.6V 



2 . 2V 
0.6V 



IDS 



Tnw- 

o.6v 
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tfoduba 



INTEGRATEDCIRCUIT 



TECHNICAL DATA 



OUTLINE DRAWINGS 
(TMP4HOAP) 



R1.5 



nn n r-i j n nnnoi 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



I I I I 1 I I I L 



"5 



37-4 MAX. 



15.24 TYP. 



0.25+0.1 



Unit in mm 



Note 1 



O.s+0.15 2.54 Note 2 15 . 3 _ 17 . 4 
"1.4+0. 15' ' I ' 



Note 1. This dimension is measured at the renter of bending point of leads. 
2. Each lead pitch is 2.54mm, and all the leads are located within 

±0.25mm from their theoretical positions with respect to No. 1 and 
No. 28 leads. 



(TMP4 31 5BP/TMP4 320AP) 



Unit in 



1 1 




Note L. 
2. 



This dimension is measured at the center of bending point of leads. 
Each lead pitch is 2.54mm, and all the leads ire located within 
±0.25mm from their theoretical positions with respect to No. 1 
and No. 42 leads. 



78 



TOSHIBA CORPORATION 




82.1 MAX. 




12.86 TYP . Note 1 



22. 9 - 25.9 



This dimension is measured at the center of bending point of leads. 
2. Each lead pitch is 2.54mm, and all the leads are located within 
i0.25mm from their theoretical positions with respect to No. 1 and 
No. 64 leads. 

The metal on the side of the package is GND Level. 



mi 


u 






— * 




m 

n 




X 
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>i 
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o 
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INTEGRATED C I RCUIT 

TECHNICAL DATA 




MAS K ROM DATA TAPE FORMAT 

Leader 50 or more characters of "BULL" 



'COMMENT" 

C2D Q3D 

(PUNNNi ) 

<3D CLD 



' COMMENT" 



N8; 

CeD cm 

RXXXX ; 



x xx Px> 

X XX Px; 



x xx p x; 
(2D CED 



Comment When designated by mask option the 



MASK OPTION" are output with apostrophe. 



characters of 



Outputs symbolic names of bits of output port or input/ 
output port to which pull-up resistors are connected. 



Outputs symbolic names of bits to which 
pull-up resistors are connected PUNilNJ^ 



Bit Name 
Port Name 



Comment 



for all the bits of output port 
and input /output port which has 
been designated as mask option. 

Outputs six characters starting from the beginn 
ing of character train defined by TTL statement 
of source program and two characters of serial 
number, with apostrophe. 

(When no TTL statement exist, six characters of 
space code and two characters of serial number 
are output . ) 

Outputs "N8" which indicates that the data pattern is 8 bits 
long. (The program data follow this code.) 

Outputs the program start address following 
frames of decimal ASCII code. 

Data and check sum of the 
first address. 
Data and check sum of the 
second address. 

Data and check sum of the 
eighth address. 



x xx Px 



'R", in four 



Check Sum 

Number of data bits 



having 



'1" is output 



Data 

Two characters of eight 
bit data are output in 
two frames of hexadecimal 
ASCII codes. 
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tfotluba 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



R xxxx ; 
x xx p x; 



Cck) (If) 
$ 



Nineth program address. 

Data and check sum of the nineth address 

Outputs repetitively through the last data. 

- Outputs symbol "$" to indicate the end of program data 
Trailer 50 or more characters of "NULL". 
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{Toshiba 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP43 10APL/TMP43 1 OAPLL 



SPECIFICATION OF TMP431 0APL/TMP431 OAPLL 



This specification is applied to TMP4310APL/TMP4310APLL, one of versions 
of TLCS-43. 

TMP4310APL/TMP4310APLL is the low power version of TMP4310AP. There are 
some differences in electrical characteristics between TMP4 3 1 0APL/TMP4 3 10APLL 
and TMP4310AP; however, their functions, instructions and pin connections are 
compatible. When using and examining TMP4310APL/TMP4310APLL, therefore, it is 
recommended that this specification be used together with the technical data 
on TMP4310AP. 



Main differences in electrical characteristics between AP and APL/APLL 



are as follows: 



1. Basic clock 

Internal oscillation (with resistance externally installed between Xin and 
TEST) and external clock supply can be available. 

1.1 Frequency of external supply clock 

f=200kHz to 400kHz (APL) (V DD =5.5V + 20%, T opr =0 o C to 55°C) 
f=50kHz to 200kHz (APLL) 

1.2 Internal oscillation frequency 

f = 200kHz to 400kHz (APL, Rx=56kS2) (V DD =5.5V + 20%, T opr =0°C to 55°C) 
f=110kl'.z to ;00kH;- (APLL, Rx=110kfi) 

2. Low input voltage and clock low input voltage (at time of external supply) 

Vil MAX.=V CL MAX. =0. 55V (V DD =5.5V + 20%, T opr =0°C to 55°C) 

3. High output voltage 

V 0H MIN.=2.4V (V DD =5.5V + 20%, T opr =0°C to 55°C, I OH =-50uA) 

4. Supply current 

IDD TYP.=30mA, Idd MAX.=45mA (APL) (V DD =6.0V, T opr =25°C) 
I D D TYP.=15mA, I DD MAX.=27mA (APLL) 

5. Pull up resistance of RST and INT terminals is not contained. 
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INTEGRATEDCIRCUIT 


TMP 4 3 1 A P L/TM P 4310APLL 




TECHNICAL DATA 



TMP431 0APL/TMP431 OAPLL BASIC CLOCK 



The methods of generating and supplying the hasic clock of TMP4310APL/ 
TMP4310APLL are as follows: 



(1) Internal oscillation 



H 



The basic clock of TMP4310APL/TMP4310APLL 
can be obatined by connecting the resis- 
tance as shown in the left figure. 
(fosc=200kHz to 400kHz at R x =56kn, APL) 
(fosc=110kHz to 200kHz at R x =110kfi, APLL) 



(2) Supply of external clock 



| x IN | |test| 



The basic clock of TMP4310APL/TMP431 OAPLL 
can be supplied from the external oscil- 
lation circuit as shown in the left figure. 



External 

Oscillation 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TM 



I D 4310APL TMP43 1 OA^LL 



TMP431 0APL/TMP431 OAPLL ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATING 



SYMBOL 


ITEM 


RAT INC 


V D D 


Supply Voltage 


-0.5V to 7V 


"in 


Input Vo 1 tage 


-0.5V to 7V 


VOUTI 


Output Voltage (Except open drain terminal) 


-0.5V to 7V 


V()UT2 


Output Voltage (Open drain terminal) 


-0.5V to 10V 


Tstg 


Storage Temperature 


-55°C to 125°C 


Topr 


Operating Temperature 


0°C to 55°C 


Tsld 


Soldering Temperature 


260°C (K)sec.) 



D.C. CHARACTERISTICS(V D D=5.5V+20%, T ( 



=0°C to 55°C) Unle.' 



otherwise noted. 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP . 


MAX. 


UNIT 


vim 


Input High 
Voltage 


(IN0,I00,I01,I02,RST) 




2.2 




VDD 


V 


V IH2 


(TNT) 




3.5 




VDD 


V 


VlL 


Input Low Voltage 









0.55 


V 


VCH 


Clock Input High Voltage (Xt[j) 


External clock 
supply 


3.8 




vdd 


V 


VCL 


Clock Input Low Voltage (Xjn) 







0.55 


V 


I INI 


Input Current (IMO,RST,TNT) 


VlN = VDD 






20 


uA 


1 1N2 


Input Current 
(IOO, 101, 102) 


Open Drain 


V IN = Vdd 






20 


,,A 


Pull Up 












1 1 LI 


Input Low Current 
(100, 101, 102) 


Open Drain 












Pull Up 


V IN = 0.55V 






-1 .6 


mA 




Output Leak Current 
(0T0, 0T1) 


Open Drain 


v out ■ vdd 






20 




Pull Up 












VOH 


Output High Voltage 


Open Drain 












Pull Up 


lOH = -50UA 


2.4 






V 


Vol 


Output Low Voltage 


lOL = 1 • 6mA 






0.4 


V 


! dd 


Supply Current 


APL 


V D d=6.0V, Ta=25°C 




30 


45 


mA 


APLL 




15 


27 


mA 









Pull-Up resistance of RST and INT terminals is not 



contained . 



Low output voltage: It is possible that output port 0T1 sinks large output 

current Iql Typ.=20mA (VqL=2V) for each pins. At the time 



when 0T1 sinks large output current, low output voltage (VOL) 



becomes Vol. Mnx.-O . 5V (Ir)L=l-°mA) . 
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IMTFGR ATEDC 1 RCUIT 








TMP4319APL T r/lP A 3 X A D L L 




TECHNICAL DATA 





A.C. CHARACTERISTICS (V D D=5. 5V+20%, T op r=0°C to 55°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


Bid. 


TYP. 


MAX. 


UNIT 


t to 


Clock Cycle Time 


External clock 
supply 


API, 


2.5 


- 


5.0 




APLL 


5 






MS 


ts 


Input Set Up Time 




API. 


0.9 






MS 


APLL 


1 .8 






ti s 


tH 


Input Hold Time 




API. 


0.9 






US 


APLL 


1 .8 






U s 


l n 


Output Delay Time 


C L =50pF, RfPull 
up)=50k'.<, ITTL 


APL 






1 .8 


- 


APLL 






i.h 


. s 


c INT 


1 NT Low Level Pulse Width 










Cycle 


t RS'I 


RST Low Level Pulse Width 










Cyc 1 e 


'osc 


Intern.-il Oscillation 
Frequency 


R = S6k!2 


APL 


200 




400 


kHz 


R =1 10k 1 : 


APLL 


1 10 




200 


kHz 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP 43 1 0APL/TMP43 10 AP LI- 



TYPICAL CHARACTERISTICS 



'dec - Ta 



a 250 



50 
4.0 



















Ta = 25t 












































































R 


Y = 56 


: Q 

) 


















(A 


PIi 


















































































































H 


\ — 


11 

61 


















(AI 


) 

























































50 SO 

v d d (volt) 



















v D D=aov 








































































* 


r— 

Ai 


561 


:Q 
































































































































































. Ry = 11 Okf 


1 


















APLL 


) 



























































3 20 30 40 50 60 
Ta ( t ) 



- Rx 

















V DD =60 V 
















































































\(AFL) 

















































































































































(J 




L) 

























































40 80 120 160 ZOO 240 
% CO) 



TMP431 OAPL 
TMP431 OAPL L 



TC40690BP 



Frequency 
Counter 



TEST CIRCUIT 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP43 10APL/TMP43 10APLL 



PIN CONNECTIONS 



Top View 



IN0 


1 




28 


■ V DD 


INOj 


2 




27 


" X J 14 


IN0 2 , 


3 ' 




26 


TEST 


IN0 3 


4 




25 


- - ioi 


OT0 ■ • 


5 




24 


■ — - 1 01 j 


OTOj 


6 




23 


I0l 2 


OTOj — 


7 




22 


— -I0l 3 


OTO3- ' 


8 




21 


I00 


I02 -^ 


9 




20 


— - ioo 2 


IQ*! — - 


10 




1 9 


IOOj 


OT1 


11 




18 


. — - 1003 


OTlj • ■ 


12 




17 


TNT 


UTlj - 


13 




1 6 


TfST 


QUD 


14 




15 


— - DT13 



OUTLINE DRAWINGS 



Note L 
2 



nnnnnnnln n^in 



tu uu uuuuluuuuuuu 




2.54 Note2 



Unit in mm 



1524 TYF , 



0.25±0.1 



155-174 



This dimension ie measured at the center of tending point of leadi 
Each lead pitch is 2,54mm, and all the leads are located within 
i"0,25mm from their theoretical position with respect to No.l ar.d 
No,28 leads. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP432 1AP 

TOSHIBA MOS Digital Integrated Circuit 
Silicon Monolithic 
Gate 



N-cha 



»1 Silicon 



Depression Load 



GENERAL DESCRIPTION 



TMP4321AP is one version of single-chip microcomputer TLCS43 
with NMOS. 



series processed 



Since TMP4321AP can make periodic interrupt gained by dividing the CPU clock 
to 512 or 1024 using the built-in prescaler, it is most appropriate for com- 
puter control, such as sequence control. 

Refer to the technical data of TLCS43 when using or considering TMP4321AP. 



FEATURES 

o Software compatible with TLCS43 series 

o ROM capacity: 2048W x 8 Bits 

o RAM capacity: 128W x 4 Bits 

o Instruction executing rate: 4 us 

o Input ports: 3x4 Bits 

o Input/output ports: 2x4 Bits 

o Output ports: 3x4 Bits 
1x3 Bits 

o Interrupt level: 1 level (Interrupt by timer) 

o Subroutine nesting: 4 levels (including interrupt 
level) 

o ROM data readout instructions 
o I/O level: TTL compatible 

o Ports available for large current output: 2x4 Bits 

o +5V single power operating (operating voltage 

margin: 5V ± 10%) 

o Operating temperature range: -10 ^ 70°C 



PIN CONNECTIONS 



TEST C 1 
INOqC 2 
INOj [ 3 
IN0 2 [ 4 
IN0 3 C 5 
0T0 [ 6 
OTOj [ 7 
0T0 2 [ 8 
OT0 3 C 9 
0T3 [ 10 
OT] ] C I 1 
0T1 2 C 12 
0T1 3 C 13 
0T2 C 11 
0T2J C 15 
OT2 2 C 16 
0T2 3 C 17 
0T3 C IS 
0T3i C 19 
0T3 2 C 20 
OND C 21 



42 ]V DD 

41 ] INI o 

40 ]INlj 

39 ]INl 2 

38 J I»l 3 

37 ] IN2o 

36 ]IN2! 

35 ]IN2 2 

34 ]IN2 3 

33 ]lOl 

32 TlOl-L 

31 ]l01 2 

30 ]l01 3 

29 ]l00 

ZS ] 100 1 

27 ]l00 2 

26 ]l00 3 

25 ]x TJT 

24 !lx Iti 

S3 DbIT 

22 3lNT 
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INTEGRATEDCIRCUIT 








TMP 4 3 2 1 AP 


{US TECHNICAL DATA 







TIMER INTERRUPT 

The following figure shows the configuration of timer interrupt circuit 
of TMP4 321AP. 



INTERNAL TIMING "LOCK 



f OSC 



X 1N I f**° 
x OUT ' . 



CLOCK 
FUSE 






uJ 




TIME- 

l» BIT 


BASE COUNTER 
BINARY COUNTER 


QFNffi- 

RATOR 





















OR 15" 





12) 



TO INTERNAL 
— LATCH 



I SELECTIVE TIMER OPTION 

As shown in the above figure, interrupt is not caused by external source via 
INT pin, but it is only caused by the output divided by the built-in prescaler. 
The INT pin is usually set to "H" level (open) by the pull-up resistor, but 
it is not connected with the internal circuit. 



Assignment of selective timer option is as follows : 

1 



(1) Option INTDV7 is interrupted at 



(2) Option INTDV8 is interrupted at 



fosc 
1 

fosc 



x 512(S) cycle (Q7) . 



x 1024(S) cycle (Q8) . 



(Refer to "Mask Option Assignment" in the technical data of TLCS43 for 
further details.) 



The relation between timer interrupt and reset is 
shown in the following figure. 

(f- 



RST INPUT 



TIMER 

INTERRUPT 
PULSE 



INTERRUPT "YULE BY OPTION ASS 1 ONMENT 



Initial interrupt occurs at T/2 interval after the RST 
input is released, and then repeatedly occurs by ever; 
T cycle. 



I 
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MASK ROM DATA TAPE FORMAT 



COMMENT 
© @ 



; PUNNNI ) 
© © 

( INTDV7) 

or 

(INTDV8) 
® © 
1 COMMENT ' 

© © 

N8 : 

© © 



PULL-UP 
RESISTOR 



MASK 
PATTERN 
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BASIC CLOCK 

The following are four methods to generate and supply the basic clock pulse in 
the TMP4321AP. 

(1) Direct connection of crystal oscillator 



L 



J 



-Oh 



C-OUT 



When a crystal oscillator has been connected 
to TMP4321AP as shown in the left figure, 
the basic clock pulse is generated at the 
frequency inherent in the crystal oscillator. 
Recommendations for ClN and CoUT 



ClN=C UT=60pF (f SC « 500KHz) 
(2) Direct connection of ceramic oscillator 

When a ceramic oscillator has been connected 
to TMP4321AP as shown in the left figure, 
the basic clock pulse is generated at the 
frequency inherent in the ceramic oscillator. 



a— 



°IN 



"OUT 



(3) Direct connection of IFT 
_J 

x out| 



r~~ | — -i 



i 



Recommendat ions for Cjpj and CouT 
C IN =C OUT =100 P 1 ' ( f OSC = SOOKHz) 



When a IFT has been connected to TMP4 321AP as 
shown in the left figure, the basic clock 
pulse is determined according to the 
circuit constant. 
Recommendations for C TN and C Qm 
C IN =C OUT =100pF (f osc ~ 500KHz) 



(4) Supply of external clock 



XlN 



| ~ | 



OSCIUJ1TINO 
CIRCUIT 



a 



The basic clock pulse of TMP4321AP can be 
supplied by an external oscillating circuit 
as shown in the left figure. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP432 1AP 





ITEM 


RATING 


UNIT 


VDD 


Supply Voltage 


-0.5 -v 7 


V 


VlN 


Input Voltage 


-0.5 -v 7. 


V 


V 0UT1 


Output Voltage (except open drain terminal) 


-0.5 * 7 


V 


V0UT2 


Output Voltage (open drain terminal) 


-0.5 ^ 10 


V 


lOUTl 


Output Current (except 0T1, 0T2) 


4 


mA 


I0UT2 


Output Current (0T1, 0T2) 


30 


mA 


Tstg 


Storage Temperature 


-55 -v. 125 


°C 


Topr 


Operating Temperature 


-10 % 70 


°C 


Tsld 


Solder Temperature 


260 (10 sec.) 


°C 


PW 


Power Dissipation (Ta = 70°C) 


850 


mW 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


VIH1 


Input High Voltage (IN0 , INI , IN2 , 100 , 101 ,RST) 




2.2 




V D D 


V 


V IH2 


Input High Voltage (INT) 




3.5 




VDD 


V 


VlL 


Input Low Voltage 









0. 6 


V 


VCH 


Input High Clock Voltage (Xin) 




3.8 




VDD 


V 


VCL 


Input Low Clock Voltage (XIN) 









0.6 


V 


UNI 


Input Current (INo, INI , IN2) 


VlN = VDD 






20 


UA 


HN2 


Input Current (100, 101) 


Open Drain 


VIN = VDD 






20 


MA 


Pull Up 












IlLl 


Input Low Current (100, 101) 


Open Drain 












Pull Up 


VlN = 0.6V 






-1.6 


mA . 


HL2 


Input Low Current (RST , INT) 


VlN = 0.6V 






-0.1 


mA 


ILO 


Output Leak Current (g^OT^ 


Open Drain 


VOUT = VDD 






20 


pA 


Pull Up 












VOH 


Output High Voltage 
(except XOUT) 


Open Drain 












Pull Up 


lOH =-100uA 


2.4 




V 


VOL 


Output Low Voltage (except XoUT) 


IOL = 1.6 mA 






0.4 


V 


IDD 


Supply Current 






40 


30 


mA 



Output Low Voltage : Output large current IOL TYP.=20mA 
ports 0T1, 0T2. When output large 
becomes Vol MAX. = . 5V (lQL=l . 6mA) . 



(V0L=2V) is made possible by output 
current sinks, output low voltage 



SYMBOL 


' \ - ■ — ■*■ » r 

PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


^ — 
MAX. 


UNIT 


t«S0 


Clock Cycle Time 




2 




5 


US 


ts 


Input Setup Time 




0.9 






US 


t-H 


Input Hold Time 




0.9 






MS 


tD 


Output Delay Time 


CL=50pF, R(Pull 
Up)=50kS!,lTTL 






1.8 


PS 


C INT 


INT (Low Level Width) 










Cycle 


tRST 


RST (Low Level Wid:h) 




4 






Cycle 



TOSHIBA CORPORATION 



91 




INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP432 1AP 



TIMING CHART 




Mln . = 0.9/lS 
0.6V t0 OL Min . = 0.9/lS 



INPUT 



EXTERNAL VIEW OF PACKAGE (P}astic Package) 



42 41 40 39 3837 36 55 3133 32 31 30 2928 27 26 252423 22 



Unit: 



RL3 /J 



T 

1 T . II 1 



12345678 9 lOll 12 1314 1516 17 18 1920 21 



15 24(TYP,) | 




Note I. The dimension of this external view indicates the lead bending center. 

Note 2. Lead pitch is 2.54mm and tolerance is ± 0.25mm against theoretical 
center of each lead that is obtained on the basis of No . 1 and 
No. 42 leads. 
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INTEGRATED CIRCUIT 



TECHNICAL DATA 



THP4399C 

TOSHIBA MOS Digital Integrated Circuit 

Silicon Monolithic 
N-channel Silicon Gate Depletion Load 



DESCRIPTION 



TMP4399C is a single-chip microcomputer for evaluation, provided with 
the general purpose 16K EPROM (TMM323D) inserting socket, being capable of 
developing and checking hardware and software of TLCS-43 Application System 
by use of the EPROM. 

TMP4399C is equipped with a 24-pin socket which may directly mount the 
general purpose 16K EPROM (TMM323D) on the surface of the package. There- 
fore, when the fixed program written in the general purpose 16K EPROM is 
mounted on the package, TMP4399C becomes pin-compatible with TMP4315BP/ 
TMP4320AP as the end product which the program has been written in the mask 
ROM. The former operates the same as the latter. 



TMP4399C can be used within the range of a microcomputer for evaluat- 
ing the TLCS-43 system as well as for mounting an equipment made on an ex- 
perimental basis. 



PIN CONNECTIONS 



FEATURES 

o General purpose 16K EPROM TMM323D 

(equivalent to INTEL2716) can be used. 

o Compatible with TLCS-43 single-chip 
microcomputer family TMP4315BP/ 
4320AP in pin. 

o Compatible with TLCS-43 Series in 
software . 

o ROM 2KW x 8 BIT RAM 128W x 4 BIT 

o Can be operated by +5V single power 
supply. Voltage margin is +10% equal 
to that of mass-produced products. 

o Operating temperature range is -10 

70°C equal to that of mass-produced products 



TEST £ 
IN0 C : 

iNOx £ : 
ino 2 C ! 
ino 3 C 

0T0 C 
OTOj £ 
DT0 2 C 
OTO3 c 
OT lo C 
OTlj £ 
0T1 2 C 

° xi 8 C 

0T2 C 
OT2 x £ 
OTSj Q 
0T2 3 C 
0T3 C 
0T3i C 
GT3 2 C 



10 O 1 A7 

11 A6 

12 03 A5 



V CC 24 <5 
A8 23 O 
A9 22 O 



Ql A4 Vpp 2 1 (J 30 

14 OS A3_ CS_ 2_ O 89 

15 O 6 A2 i A 10 "l9 O 28 

16 O 7 AlipD/B3M18 Q 27 

17 Oe AO 
is O 9 10 

19 QlD Dl 

20 O 11 ui ' 



D 7 17 Q 26 

D 6 16 O 25 

D 5 15 O 24 

D 4 14 O 23 



OND C Z1J O 18 om D 3 13 O 22 



□ INlo 

3i«ii 

□ 1NI2 
-jmi3 

-JIN2 

□ IN2 2 
~JlN2 3 

3 101 o 

□ 1011 

□ iOlg 

□ ICI3 

□ ioo 

□ 100 J 

□ ioo 2 

□ 1003 

□ x 0UT 

□ *IN 

□ ssf 

3 INT 



(Note) O marls: Socket for 
TMM323D 
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INTEGRATED CIRCUIT 



TECHNICAL DATA 



TMP4399C 



PRECAUTIONS FOR USING TMP4399C 
1. Precautions for using 0T3 Output Port 



The output port and input/output port of TLCS-43 are composed as 
shown in the following figures. 

(OUTPUT PORT) 

A (INPUT/OUTPUT PORT) 



| BUFFER/DRIVER | 



] c 




| OATE "| | 



rc 



INTERNAL BUS 



INTERNAL BUS 



Therefore, when the circuit which clamps the output voltage level 
is connected directly to the outside of terminal, if the output data is 
referred to by the program, for the output port such data can be normally 
read, but for the input/output port erroneous data may be read unless 
the voltage level can be ensured as an input signal by the clamp circuit.' 
For the purpose of reading correct data, it is necessary to separate 
the terminal from the clamp circuit by the buffer circuit. 

The output port 0T3 of TMP4399C serves as an input/output port owing 
to the configuration of the chip. In case of the system using TMP4315BP 
or TMP4320AP, therefore, if the output data of 0T3 Port must be referred 
to by the program, care should be taken that the circuit which clamps 
the output level may not be connected directly to 0T3 Port at the stage of 
development where TMP4399C is used. 
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INTEGRATED CIRCUIT 








TMP4399C 






TECHNICAL DATA 







(ACTUAL APPLICATION CIRCUIT) 



( BUFFER CIRCU IT ) 



VOLT AO E LEVEL 
CLAMP CIRCUIT 



TMP4315BP 
TMP4320AP 



VOLTAGE LEVEL 
CLAMP CIRCUIT 



31 



BUFFER CIRCUIT 



TMP4399C 



2. Precautions for using large output current 

In case of TMP4399C, each terminal of the output port 0T1 and 0T2 
may sink large output current IOL =20mA TYP. (VOL =2V) when there ports 

sink large output current, a part of the DC • electrical characteristics 
is changed. Attention should be paid to the main characteristics that 
the high input voltage of V IH j and the low output voltage of Vq l at 
every terminal to be applied will become the valurs shown as follows: 

V IH1 MIN. % 2.3 % 2.4V 
Vol max - % °- 5 "* °- 6v ^OL = l-6mA-) 
The maximum rating of large output current is 30 mA. 



GT I A I 2 
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INTEGRATED CIRCUIT 




TMP4399C 








TECHNICAL DATA 





ELECTRICAL CHARACTERISTICS 





RATI MRS 


Symbol 


CHARACTERISTICS 


RATING 


UNIT 


VUD 


Supply Voltage 


-0.5 % 7 


V 


ViN 


Input Voltage 


-0.5 ^ 7 


V 


V 0UT1 


Output Vol tage (excepting open drain terminal) 


-0.5 ^ 7 


V 


V0UT2 


Output Voltage (Open drain terminal) 


-0.5 ^ 10 


V 


I0UT1 


Output Current (Excepting 0T1 , 0T2) 


4 


mA 


I0UT2 


Output Current (0T1 , OT2) 


30 


mA 


T stg 


Storage Temperature 


-55 ^ 125 


•c 


Topr 


Operating Temperature 


-10 -v 70 


S C 


Tsld 




260(10 sec.) 


°c 


PW 


Power Consumption (Ta = 70°C) 


1 


w 



D.C ELECTRICAL CHARACTERISTICS (VDD = 5V±10%, T opr = -10 "o 70°C) 



Symbol 


CHARACTERISTICS 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


VlHl 


Input High V. (excepting INT.XIN) 


_ 


2.2 




VDD 


V 


V IH2 


Input High Voltage (INT) 




3.5 




VDD 


V 


VIL 


Input Low Voltage 









0.6 


V 


VCH 


Clock Input High Voltage (*IN) 




3.8 




VDD 


V 


V CL 


Clock Input Low Voltage ( X IN) 









0.6 


V 


Tin 


Input Current (excepting RST, INT) 


VIN = VDD 






20 


uA 


IlL2 


Input Low Current (RST, INT) 


Vin = 0.6V 






-0.1. 


mA 


lLO 


Output Leak Current (OT0.OT1 ,0T2) 


VOUT = VDD 






20 


uA 


VOH 


Output High Voltage (AO->-Alo) 


I H ' -lOOpA 


24 






V 


Vol 


Output Low V. (excepting XOUT) 


lOL = 1.6 mA 






0.4 


V 


Idd 


Supply Voltage 






70 


120 


mA 



[Operation of Evaluator Chip] Refer to the paragraph entitled "Precautions 

for Using Large Output Current". 



Refer to timing charts (1) and (2). 
A.C. ELECTRICAL CHARACTERISTICS (VDD - 5V ± 10%, T opr = _iq t. 70°C) 



Symbol 


CHARACTERISTIC 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tiO 


Clock Cycle Time 




2 




5 


US 


tS 


.Input Setup Time 




0.9 






ps 


tH 


Input Hold Time 




0.9 






us 


tD 


Output Delay Time 


Cl=50PF 
R(Pull UP) =50kfl,lTTL 






1.8 


ps 


tINT 


INT Low Level Width 




4 






Cycle 


tRST 


RST Low Level Width 




4 






Cycle 


tCD 


Clock Output Delay Time 


CL = 50PF, 1TTL 






0.4 


US 


tAD 


Address Output Delay Time 


CL = 50PF, 1TTL 






0.95 


MS 


tis 


Instruction Input Setup Time 




0.4 






US 




Instruction Input Hold Time 











US 
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INTEGRATED CIRCUIT 




l tfasfuba 1 






TECHNICAL DATA 





TMP4399C 



TIMING CHART 

(1) 1 Machine Cycle (Machine Cycle) 



Basic 
Clock 



Input 



«0) i(^v 



48V 



48V f 3.8V 



t 0OH MIS. = 0.9«6 
t p0L MIN.- 0.9/18- 







- 2.2V 


Q6V X 



'/A 



Output 



(2) 



tpOH 



sic n r ~\ 

Clock «„> ^ ^ / 



.0.6 V 


1 


tpOL 







Internal 
Clock < CLK 1> 



ROM Address Output 
(Aq^Aiq) 



Instruc-/> 
tion 
Input 
(DqM>7) 



m 



t p0H MIN. - 0.9 «e 



7 



X 



2^V 
0,6V 



" 1 IS 



2.2V 
0.6 V 




(Note) Since internal clock (CLKl) is not output, it cannot be seen 
from the outside. 
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EXTERNAL SHAPE OF PACKAGE 



2.54 X 1 1 - 27.94±0.3 



10.91 ±0.1 
13.3 ±0.1 





o 



3 0.6MAX. 



5 4.6 ±0.6 




2.54 X 20 - 5O0±O.3 



., ' u u u u yj^ 




Unit . 



3 

h 


w 


— - — Ui 








r 


i 



15.24±0.25 



4BIT SINGLE CHIP MICROCOMPUTER 

TLCS-4 6A ( CMOS ) 




INTEGRATEDCIRCUIT 



"c2mos" digital integrated circuit 



TCPi(620AP 
TCP4630AP 



ma 



TECHNICAL DATA 



silicon monolithic 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 

TLCS-46A is a C 2 MOS high speed and low power 4-bit single chip micro- 
computer tor consumer applications. 

A single and integral microcomputer has been composed of a 4-bit 
parallel arithmetic and logical unit (ALU), accumulator (AC), program 
memory (ROM), data memory (RAM) , input/output ports, clock generator, and 
divider incorporated. 

TLCS-46A Family consists of two kinds of chips having different ROM/ 
RAM capacities for mass production and evaluator for system development. 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4620AP 
TCP4630AP 



FEATURES 

o TCP4620AP 

2048 x 8 ROM 
96 x 4 RAM 
34 I/O Lines 

o TCP4630AP 

3072 x 8 ROM 
160 x 4 RAM 
34 I/O Lines 

o TCP4600AP 

Evaluator Chip 
for TLCS-46A 



o Low Power Dissipation by 
Employment of C2M0S Process 

Typical Supply Current : 400UA 
(at 400 kHz Basic Clock) 

o Single 5V Supply 



Wide Operating Range : 3V to 6V 



o Wide Operating Temperature Range: -30°C to 85°C 

o 52 Instructions 

46 One Cycle Instructions 
6 Two Cycle Instructions 

o Single Level Subroutine Nesting 

o Single Level External Interrupt 

o lOus Instruction Execution Time 

o PLA and Decode Matrix for Display Operation 

o Many Kinds of Mask Options for Optimum 
Application Systems 
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m INTEGRATEDCIRCUIT 

ifiS TECHNICAL DATA 



PIN CONNECTIONS (TOP VIEW) 




42 


3 


VDD 


41 


3 


Pa 


40 


3 


P 2 2 


39 


3 


P 21 


38 


3 


P 20 


37 


3 


P<.3 


36 


3 


P« 


35 


1 


P« 


34 


: 


P«> 


33 




PIso 


32 


1 


INT 


31 


3 


RESET 


30 




TEST 


29 


1 


CK 


28 


3 


XOUT 


27 




XlN 


26 




PI ,3 


25 


.3 


PI 52 


24 


3 


PI 3 1 


23 


: 


PI 50 


22 


] 


P0 50 



PIN NAMES & PIN DESCRIPTION 



Pin Name 


Input/Output 


Function 


P o a -Poo 


Input/Output 


4-bit general purpose I/O port (I/O is 
designated by a program) . 


P 1 3 - P I 


Output 


4-bit general- purpose output port. 


P 2 3 — P 2 


Input or Output 


4-bit general purpose 
Input/Output port 


Input/ Output is 
designated by mask 
options . 


P^3 -P*0 


Input or Output 


4-bit general purpose 
Input/Output port 


PO -PO 

5i. 50 


Output 


5-digit output port for display. (Can be 
used as the general purpose 5-bit output port) 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4620AP 
TCP4630AP 



Pin Name 


Input /Out put 


Function 


PO67- po 60 


Output 


8-segment output port for display (can be 
used as the general purpose 8- bit output port) 




Input 


4— bit general purpose input port. 


"60 


Input 


1— bit general purpose input port (with a 
internal Schmitt circuit) . 


RESET 


Input 


Initialize signal input (with a internal 
Schmitt circuit) . 


INT 


Input 


Interrupt request signal input (with a inter- 
internal Schmitt circuit). 


XlN 


Input 




Oscillator connecting terminal 


XOUT 


Output 


Oscillator connecting terminal 


CK 


Output 


External timing output 


TEST 


Input 


LSI test signal input, used by connecting 
to GND 


VDD 




Power supply 


GND 




GND 
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^astiiba 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4620AP 



BLOCK DIAGRAM 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4630AP 



FUNCTIONAL DESCRIPTION 
[SYSTEM CONFIGURATION] 



TLCS-46A consists of the following elements. 
1 . BASIC ELEMENTS 




(1) Arithmetic 

(2) Accumulator (AC) 

(3) Status Register (ST) 

(4) H Register (HR) , L Register (LR) , Y Register (YR) , Y Register Flag 
(EYR) 

(5) Port (P), Port Register (Register 

(6) Internal Bus (IBUS) 



(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 

(1) 



Data Memory (RAM) 
Program Memory (ROM) 
Program Counter (PC) 
Stack (STK), Stack Flag ( 
Instruction Register ( 
Clock Generator (OSC) 
Divider 




Decoder (IDEC) 



Timing Generator (TG) 



lit 



Internal bus 



Arithmetic and Logical Unit (ALU) 

ALU performs the principal function 
involved in the data processing of 
TLCS-46A, and consists of 4-bit 
binary parallel arithmetic circuit 



One of the inputs of the arithmetic 
and logical unit is the accumulator 
or the status register, and another input is the internal bus, and 
the result of operation is output to the internal bus and at the 
same time, carry (barrow) and zero are detected. 
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INTEGRATEDCIRCUIT 

TECHNIGAL DATA 



TCP4620AP 
TCR630AP 



(2) Accumulator (AC) 

The accumulator Is a 4-bit register that temporarily stores data 
for arithmetic process, arithmetic result and data from/to the 
input/output ports. 



(3) Status Register (ST) 

The status register is a 4-bit register having a meaning per bit, 
and is called H flag, D flag, C flag and Z flag in that order from 
LSB side. 



(MSB) 


(LSB) 












3 


2 


1 















Z 


C 


D 


H 













® Zero Flag (Z) 

The zero flag (Z) is set to "1", if the result generated by certain 
instructions is zero. 

The zero flag is cleared, if the result is not zero. 

Further, z flag is used not only for judgement of zero but also 
as a branch condition for program flow. 



© C Flag 



When an instruction indicating update is executed, C flag is set at 
"1" if carry is resulted at time of addition and increment, and at 
"0" if no carry is resulted. 

Further C flag is also set at "0" when borrow is resulted at time of 
substruction and at "1" when no borrow is resulted. 
C flag is used for judging size of data and for multiple digit 
arithmatic operation. 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4620AP 
TCP4630AP 



© D Flag 

D flag is used by a program as an input/output designating signal of 
the input/output port (Po) . When D flag is "0", the input/output 
port serves as the input port and when D flag is "1", it serves as 
the output port. 

When the input/output port is used exclusively as the output port 
(specified by mask option), D flag becomes the general purpose flag 
bit that can be optionally used by user. 
D flag is reset at "0" by the initialize operation. 

© H Flag 

H flag is used as a control signal for hold operation. When "1" is 
set on H flag, the timing generator is placed in hold mode and the 
operation is held suspensed. The restart from the bold mode is ac- 
complished by resetting H flag at "0" in the hardware processing, 
and after released from the hold mode, the process that was held sus- 
pended prior to the hold operation is resumed. However, interrupt 
request is not accepted under the hold operation. 

When the hold operation is not used (specified by mask option), H 
flag becomes a general purpose flag bit that can be optionally 
used by user. 

H flag is reset at "0" by the initialize operation. 

(4) H Register (HR) , L Register (LR) , Y Register (YR) , Y Register 
Flag (EYR) 

H register and L register are 4-bit registers and function as an 

OjflTr»Jfi: am Mfn *5«b To >:■<■■ ■ 

address pointer of the data memory (RAM) or a general purpose 
register. 
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INTEGRATEDCIRCUIT 



TCP4620AP 
TCP4630AP 



TECHNICAL DATA 



When H register and L register are used as an address pointer of 
the data memory, H register represents high order 4 bits of an ad- 
dress and L register represents low order 4 bits, and they designate 
an address space of total 8 bits (256 words). Therefore, when 16 
words in the address space of the data memory are expressed as one 
page, H register designates a page address and L register designates 
an address in the page. 

When an undefined region without data memory is read with H register 
and L register used as address pointers of the data memory, the data 
memory contents are regarded as being undefined. Further, data 
write into an undefined region should be avoided. 

Y register is a 4-bit register and functions as an address pointer 
in page of the data memory or a general purpose register. 

Y register flag is an 1-bit flag that shows as to whether H register 
or L register is used as an address pointer of the data memory. 
When Y register flag is "1" (EYR=1) , Y register is selected as an 
address pointer of the data memory, and when Y register flag is 

"0" (EYR=0) „ H register and L register are selected as address 
pointers . 

Y register flag is set at "1" by the execution of Y register data 
setting instruction. And Y register flag is cleared at "0" by the 
execution of the instruction which does not set data to data memory. 
Further, while Y register flag is set at "1", it is kept in interrupt 
disabled (waiting) state. 

Y register flag is reset at "0" by the initialize operation. 

(5) Port (P), Port Register (Register) 

TCP4620AP/TCP4630AP is provided with a total 34 ports; input port, 
output port, input output port, and input/output port. 
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When a port is used as input, it is processed as non-latch input, 
and therefore, it is necessary to hold external input data till 
completion of read-in. 

When a port is used as output, output data is set in the port re- 
gister by an instruction and contents of this prot register are 
output. On some ports it is possible to read contents of the port 
registers by an instruction. 



Further, the port register is reset at "0" by initialize operation. 
In addition, the input level is compatible vith CMOS, and the output 



level is compatible with CMOS/TTL. 



Register 



Internal 
bus 



Gate 



Briver/ 
Buffer 



TLCS-46A 



General purpose output 
port configuration 



Port Configuration 



-Internal 
-bus 



Gate 
— 7^ 



TLCS-46A 



General purpose input 
port configuration 



Port Name 


Symbol 


Pin Name 


Register 
Number 


Port 
Function 


Remarks 


Input Out- 
Put port 


Po 


Po3 — Poo 





■ 

Input out- 
put port 


Control designating of I/O by D flag. 
This port can be specified* as an ex- 
clusive use output port by mask option. 
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Port Name 


Symbol 


Pin Name 


Register 
Number 


Port 
Function 


Remarks 


Output 
Port 


P. 


P 1 3 ~ Pi 


1 


Output 
port 


General purpose output port. Con- 
tents of registers can be read by 
an instruction. 


I/O Port 


Pj 


P 2 3 — P 2 


2 


I/O port 


Input/output is specified by mask 
option. Contents of registers can 
be read by instruction at the output 
mode . 


I/O Port 


P. 


Pi. 3 ~ P i.0 


4 


I/O port 


Key Input 
Port 


Pis 


PI 5 3-PI 5 


5 


Input 
port 


General purpose input port with a 
150KS!( Typical ) resistor. (Pull- 
up/down can be specified by mask 
options) . 


Digit 

Output 

Port 


P0 5 


P0 5 „-P0 5() 


Output 
port 


Digit output port for dynamic dis- 
play. Can be specified as a gen- 
eral purpose output port by mask 
options. 


Input Port 


PI* 


Pleo 


6 


Input 
port 


General purpose input port. 


Segment 

Output 

Port 


PO. 


P0 6 , -P0 S „ 


Output 
port 


8-segment output port for dynamic 
display. Can be specified as a 
general purpose output port by 
mask options. 
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Generalization of Segment Output Port (Sepcified by Mask. Options) 



Port Name 


Symbol 


Pin Name 


Register 
Number 


Port 
Function 


. 

Remarks 


Output 
Port 


P0 6 


P0 63 -po 60 


6 


Output 
port 


General purpose output port. 


Output 
Port 


P0 7 


P0 73 - P0 70 


7 


Output 
port 


General purpose output port. 



Q) Port (Po) 

Port is a 4-bit general purpose input/output port. This port is 
selected when Register is specified in an instruction. 

Input/output designation is made by D flag of the status register. 
When D flag is "0", this port becomes the input and when D flag is 



"1", it bec( 



output and output 



Port can be used as an exclusive 



© Port 1 (Pi) 




Port 1 is a 4-bit general purpose output port. This port is. 
selected when Register 1 is specified in an instruction and the 
content of Register 1 is output. 

Further, the content of Register 1 can be read by an instruction. 

(D Port 2 (P 2 ) , Port 4 (P 4 ) 

Port 2 and Port 4 are 4-bit input/output ports that can be specified 
as either input or output by mask options. When Register 2 and Re- 
gister 4 are specified in an instruction, Port 2 and Port 4 are 
selected, respectively. 
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In specifying input or output in a mask option, the following 
combination is possible. 

(a) p2/F/, P4/F/-Port 2 and Port 4 as output. 

(b) P2/F/, P4/3/-Port 2 as output. 

High order 2 bits ( p 43,P42) of Port 4 as 
input, low order 2 bits (P41, P40) as 
output. 

(c) P2/0/, P4/F/-Port 2 as input. 

Port 4 as output. 

(d) Specify P2/6/, P4/3/-Port 2 as input. 

High order 2 bits (P43.P42) of Port 4 as 
input low order 2 bits (P41, P40) of Port 
4 as output. 

(e) Specify P2/0/, P4/0/-Port 2 and P4 as input. 

Further, in case of input bits these ports operate as non-latch 
inputs, and in case of output bits they operate functionally same 
as in Port 1. 

© Output Port 5 (PO5) 

Output Port 5 is a 5-bit output port with the purpose of digit 
data output in dynamic display. 

When an instruction for writing data in Register 5 is executed, 
4-bit data on the internal bus is converted into 5-bit data by 
the decoder matrix, this data is written into the 5-bit Register 
5 and further, output to Port 5. 

User is able to specify the content of the decode matrix optionally 
by mask options. 
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Further, the content of Register 5 cannot be read by an instruction. 

, ^ , , , Decode matrix , 

Internal bus I 



Set pulse 5 



I 



9 9 9 9 



Register 5 



__l 

Reset signal 



Output port 5 



(D Input Port 5 (PI 5 ) 

Input Port 5 is a 4-bit input port. This port is selected by 
a Read Register 5 instruction. 

Input Port 5 is equipped with a 150k!J( Typ. ) input resistor, 
and the pull-up/down is specified by mask options. 

© Output Port 6 (P06), Output Port 7 (PO7) 

Output Port 6 is a 8-bit output port for segment data output in 
dynamic display. 

When an instruction for writing data in Register 6 is executed, a 
output data is read from 16 words x 8 bits PLA with a 4-bit data on 
the internal bus used as an address, this output data is written 
into the 8-bit Register 6, and output to Port 6. 
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User is able to specify the content of PLA optionally by mask 
options. 

Further, it is possible to specify and use output Port 6 as two 
4-bit general purpose output ports by mask options. i n this 
case, the 8-bit output port is split into high order 4 bits and 
low order 4 bits, and the high order 4 bits are assigned to output 
Port 7 (Register 7) and low order 4 bits to Output Port 6 
(Register 6) . 



The contents of Register 6 (and Register 7) cannot be 

read by an instruction. 

Internal 
bus 



Add, 



PLA 

(16 words x 



(MSB; 



Set pulse 6/ 1 
S et pulse 7 



(LSB) 



Set pulse 6 f 

Reset signal 




Output 
port 6 
(or Output 
port 7) 



Output 
port 6 



Input Port 6 (Pl6), Counter Buffer 

Input Port 6 is the input port of 1 terminal (Pl6o) . Dut internally 
it is treated as a 4-bit data in combination with 3~bit data that are 
output from the divider (refer to Item for Divider). 
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The read circuit which reads this 4-bit data is called Counter 
Buffer/Input Port 6 or Counter Buffer simply. This counter buffer 
is selected by a Read Register 6 instruction and processed as 4-bit 
parallel non-latch input as in other input ports. 

The bit configuration of the counter buffer is such that external 
input from PI60 terminal is connected to LSB side 1 bit and out- 
put from the divider is connected to MSB side 3 bits. 

Further, the output stage of the divider to be connected is 
specified by mask options, but is fixed by a combination of an 
oscillator to be used and internal basic frequency. (Refer to 
Item for Divider. ) 

A Schmitt circuit and a timing shaping shift register are con- 
nected to PI60 terminal, which therefore cannot be operated at 
frequency above the internal basic clock frequency. The 
internal signal from the input terminal is subject to a time delay 
of maximum. 

Internal basic frequency x 2 ( sec -> 

(6) Internal Bus (IBUS) 

The internal bus consists of 4 bits, connects various registers 
and blocks such as the accumulator, status register, data memory, 
H register, L register, Y register, port register, ALU , etc., and 
data to be processed and data of process result are transfered 
through the internal bus. 

(7) Data Memory (RAM) 

TLCS-46A Family has the following internal data memories in order 
to store user's process data. 
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Type Capacity 

TCP4620AP 96 words x 4 bits 

TCP4630AP 160 words x 4 bits 

(TCP4600AC 160 words x 4 bits) 



The data memory consists of the static memory cells. 



Addressing of the data memory is executed by contents of H re- 
gister/!, register or Y register. 




["BR! 2 

3 
4 
5 



T C P 4 6 3 A ?/ (TCP4600AC) 




5 
6 
7 
8 
9 



\X /\ portion can be referred by 
Y register. 

Addressing of Data Memory 
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(8) Program Memory (ROM) 

TLCS-46A Family has the following internal program memory 
in order to store user's process programs. 



Type 

TCP4620AP 
TCP4630AP 
(TCP4600AC 



Capacity 

2048 words x 8 bits 
3072 words x 8 bits 
No internal ROM) 



The program memory addressing is executed by the program counter 
(PC). Inherent meaning is given to Addresses and 2 

by the hardware, normal user process programs are place in Ad- 
dress 4 and subsequent addresses. 



Further, the program counter consists of 12 bits and is capable 



of directly specifying addresses up t 
undefined region having 

TCP4620AP 




data in an 
unstable. 



TCP4630AP 



Address 
O 
1 

2 
3 
4 



.Initialize pro-^ 
cess start add . ' 
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(9) Program Counter (PC) 

The program counter consists of a 12-bit binary counter, adds 
count increment at every instruction fetch, and makes the ad- 
dressing of a program memory in which an instruction to be ex- 
ecuted. 

When a branch instruction, an interrupt operation, or subroutine 
instruction is executed, the contents of the program counter are 
changed . 

Addresses and 2 are compulsorily set in the program counter by 
a initialize signal and an interrupt request signal, respectively. 

(10) Stack (STK), Stack Flag (FSTK) 

The stack is used for temporary evacuation of the contents of 
the program counter when an interrupt request is accepted or a sub- 
routine is to be executed. 

The stack flag is a flag indicating whether the contents of the 
program counter have been evacuated in the stack. 

When the contents of the program counter are pushed down in the 
stack, the stack flag is set at "1" (FSTK=1). And when the con- 
tents of the stack are popped up by a RTN instruction and returned 
to the original program flow, the stack flag is set at "0" 
(FSTK=0). At time of FSTK=1, the interrupt request becomes the 
disable (waiting) state. 

Further, the stack flag is set at FSTK=1 by the initialize operation. 

(11) Instruction Register (IR), Instruction Decoder (IDEC) 

The instruction register latches a 8-bit data from the program 
memory and outputs it to the instruction decoder. (Program memory 
data may be used for direct internal control.) 



TCP4620AP 
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The instruction decoder receiv as data from the instruction re- 
gister and outputs a control signal required for processing. 

(12) Clock Generator (OSC) 

TCP4620AP/TCP4630AP has a internal clock generator. By exter- 
nally installing a crystal oscillator/ceramic oscillator or a 
LC oscillator, required clock is easily obtained. Furhter, 
clock can be supplied externally, however, in this case, the 
clock is input through Xin terminal and XoUT terminal is kept 
open. While TCP4620AP/TCP4630AP starts by RESET , the clock 
should be always continuously supplied. 

Oscillation frequency shall be selected from several frequencies 
ranging from 20KHz to 4 . 211Hz by mask options. 
The clock generator has a internal 6-stage clock divider and 
specifies the optimum divide ratio to obtain internal basic clock 
(CP) on the basis of oscillation frequency by mask options. 

The clock generator is provided with the output terminal CK for 
external timing, and output frequency is specified by mask options. 

Further, a divide ratio for obtaining internal basic clock 
and external timing output frequency specified by mask options 
(refer to Item for Divider) are determined by an oscillator 
(oscillation frequency) to be used and internal basic clock fre- 
quency . 



TCP4620AP 

T 
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X IN Q- 
XquT °- 



CK □- 



i — i p 

•H O 



00 



02 



04 



16 



32 



64 



(Option) 

O 1 

J 



I 



-O 1 

-o 1 



<? <? 9 

' — t — ' 

I (Option) 



(Internal 
basic clock) 



Clock Generator Circuit Configuration 

(13) Divider 

The divider is a binary 16-stage divider provided for a clock 
counter, timer, etc., and makes the count of internal basic 
clock (CP). 



CP 





Divider 
(1) 2- 




1 




i i 1 


1 1 1 






I 




1 1 Divider (2) 1 

! 1 ! 1 1 i 


1 1 1 
! 1 1 


s» 


stage 


— » 


0|l 


2 ] 3 


,4,5!6!7!8|9 


1 1 1 
A | B | C | D 



' l RD7 jRD9|RBA|RDB|RDCjRDD 



Pleo(a) 



'III 

'. r i T !__L_I_ 

^Mask option) 



[ ! „(MSB). 



i o- 

I o- 



C3 



->C2 Count 
->C1 buffer 
^C0 



H flag reset 
enable 



Divider Configuration 
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Of output from the 16-stage divider, 3 bits are connected to the counter 
buffer by mask options and can be read by a program as the counter buffer 
contents . 



The relation between output 3 bits that can be specified by mask options 
and the divider output stage is determined by an oscillator (oscillation 
frequency) to be used and internal basic frequency as shown below. 



Oscillator 


32.76K 
X tal 


100K 
X tal 


400 - 
500K 
Ceramic 
/IFT 


400K 
ce- 
ramic 
/ IFT 


3 - 
4.2M 
X tal 


3 - 
4.2M 
X tal 




Internal basic 
clock 


CP 


00 


00 


04 


02 


64 


32 




External timing 


CK 


32 


64 


CP 


CP 


CP 


CP 




Counter 
buffer 


CI 


RD9 


RDB 


RDB 


RD7 


RDA 


RD7 




C2 


RDA 


RDC 


RDC 


RDA 


RDB 


RDA 




C3 


RDB 


RDD 
1 1 


RDD 
' ' 


RDD 
' 


RDC 


RDD 




















Further, the 


most signifi 


cant bit (C3) of t 


he counter buffer 


is used 


as a 



hold release signal (H flag reset enable signal of the status register) 
when the hold operation is used. 



In addition, only when a 100K Xtal is used as an oscillator, the divider 
(2) is reset when the count value of the divider (2) reaches "12500" and 
the count value is reset to zero and then the count is resumed. 



(14) Timing Generator (TG) 

The timing generator consists of the internal timing signal generation 
circuit, initialize control circuit and interrupt control circuit. 



120 TOSHIBA CORPORATION 



INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4620AP 
TCP4630AP 



® Internal Timing Signal Generation Circuit 

This circuit receives the internal basic clock (CP) from the 
clock generator and generates two internal basic timing signals 
& and is- 



CP 



0S 



© Initialize Control Circuit 

This circuit shapes the timing of external RESET signal and 
generates an internal initialize signal. This initialize signal 
ia used for internal initialization. (For details of the initi- 
alize operation refer to "Operation Description".) 

(3) Interrupt Control Circuit 

This circuit shapes the timing of external interrupt request 
signal INT, store it in the internal interrupt latch, and 
makes a judgement as to if the internal state is interrupt 
enable. When it is in evable state, this circuit generates an 
interrupt request signal internally and starts an interrupt 
operation, but if it is in disable state, controls the interrupt 
request to wait till it becomes enables. 

(For details of the interrupt operation refer to "Operation 
Description".) 
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[MACHINE INSTRUCTION] 
1. Symbol Meaning 



The explanation o£ symbols used for the following description is col- 
lected in the following table. 



Symbol 



PC 
AC 
ST 
M 
LR 
HR 
YR 
EYR 
C 
Z 
R 

I 
G 

AP 
AP H 
AP M 
AP L 

(A) 
(A) 
+ 

A 
V 



Program counter 
Accumulator 



Meaning 





Status register 
Data memory 
L register 
H register 

Y register 

Y register flag 

C flag of status register 
Z flag of status register 

Port register, Field designating register under instruc- 
tions 

Value of immediate data field 

Field designating bit position under bit processing 
instructions 

Address branched by branch instructions 
Field showing higher order 4 bits of AP 
Field showing intermediate order 4 bits of AP 
Field showing lower order 4 bits of AP 

Content of A 

Values that contents of A are inverted every bit 
Binary addition 
Binary subtraction 
Logical AND for every bit 
Logical OR for every bit 
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Symbol 


Meaning 


V 


Exclusive OR for every bit 


-*- 


Value of left side is equalized to that of right side 


A<a : b> 


Content from b bitth to a bitth of A 




Value is made into one by connecting two fields 


* 


Value is updated by operation result 




Value is not changed by operation result 


Push PC 


Content of program counter is saved in stack 


Pop PC 


Content of stack is returned to program counter 


Null 


No operation 
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Instruction Description 

The machine instruction of TLCS-46A consists of 52 kinds of in- 
struction, being divided roughly into 6 kinds as follows: 



Machine 
Instruction 
(52 kinds) ■ 



Data Transfer Instruction (19 kinds) 
Operation Instruction (13 kinds) 

Bit manipulation Instruction (3 kinds) 
Branch Instruction 



Interrupt/ Subroutine 
Instruction 

Other Instruction 



(3 kinds) 
(3 kinds) 
(1 kinds) 



In this paragraph, the function of each instruction is described 
according to the following instruction description description format. 
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Assembler 
mnemonic 



Instruction name 



Machine code 



Function 
— 



tla, 
after 
execu- 
tion 



Operation description 







C flag 
after 
execu- 
tion 

H '- 



Execution 
cycle 



after 
execution 



Instruction Description Format 



(1) Data Transfer Instruction 

The data transfer instruction mainly provides the data transfer among 
accumulator, status register, memory (RAM) ,. and registers. 



LAR R 



Load Accumulator from Regsiter 



o ! | | 1 | 
I I I L_ 



< R < 7 



(AC) + (R) 



The content of register or input port desi 
field is loaded in accumulator. 



by R 
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LTR R 



Load Accumulator from Register and Test 



1 1 1 1 — 

I I I 1 I 1 
I I I I 



< R < 7 



(AC) - (R) 



The content of resister or input port designated by R field is 
loaded in accumulator. After execution Z flag is updated. 



LAM 



Load Accumulator from Memory 



7 



o!o!o!o!o!i!olo 

—J I I I I I L_ 



(AC) 4- (M) 



The content of memory is loaded in accumulator 
Note 1 



L T M 



Load Accumulator from Memory and Test 



1 !° 1° i° i° 



— i — i — 
1 1 1 1 1 



(AC) ^ (M) 



The content of memory is loaded in accumulator. 
After execution Z flag is updated. 
Note 1 
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L S M 


Load Status-register from Memory 




7 
i 1 > i 1 I 1 

o jo ;o ; o ;o | ijo j i 




1 


(ST) *• (M) 


Note 3 
* 


Note 3 
* 





The content of memory is loaded in status register. 
Note 1 


L A L 


Load Accumulator from L-register 




7 

oiojojolojijijo 




1 


(AC) * (LR) 









The content of L register is loaded in accumulator. 


L A H 


Load Accumulator from H-register 




7 

o ! o I e ' o 1 o i i 1 1 ! i 
1 I 1 1 1 1 1 




1 


(AC) « (HR) 











The content of H register is loaded in accumula 


tor. 


LAI I 


Load Accumulator Immediate 




1 




1 




1 1 1 

I 1 1 i I 

1 1 1 


< 1 < 15 


(AC) * I 









The value of I field is set to accumulator. 
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Load L-register Immediate 



7 



LLI I 



I 1 i 1 I 

I I I 



s I < 15 



(LR) 



The value of I field is set to L register. 



LHI I 



Load H-re 



o! i i i |i 

I I L__ 



< I < 15 



(HR) - I 



.The value of I field is set to H register. 



LYI I 



Load Y-register Immediate 



— I r — i — 

' 1 I. l 1 
I I 



< I < 15 



(YR) i- I 



The value of I field is set to Y register. 
After execution, y register flag is set to "1". 



Store Accumul 



ister 



SAR R 



1 1 1 1 

: 1 x 1 ; 1 



< R < 7 



(R) - (AC) 



The content of accumulator is stored in the register 
designated by R field. 
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SAM 



S S M 



Store Accumulator to Memory 



I I I I I I I 
QlOjOjOjljljOjO 



(M) * (AC) 



The content of accumulator Is stored in memroy. 
Note 1, Note 2 



Store Status-register to Memory 







o!o ! o I o! i !i !o li [ 
— i — i — i — i i — i — i — l 



(M) - (ST) 



The content of status register is stored in memory 
Note 1, Note 2 



Store Accumulator to L-register 



— I 1 1 1 1 1 1 

OlO'OiO'l'liliO 

I I I I — I — I — I — 



, 



(LR) *■ (AC) 



The content of accumulator is stored in L register 



S A H 



Store Accumulator to H-register 



— 1 1 1 1 1 1 1 1 



(HR) <- (AC) 



The content of accumulator is stored in H register. 
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SAY 



Score Accumulator to Y-register 



7 



t i — i 1 r 

o;0|Q|0|i;o;o; o 



(YR) <- (AC) 



The content of accumulator is stored in Y register. 
After execution, Y register flag is set to "1". 



SYR R 



Store Y-register to Register 



J L 



4 < R S 7 



(R) - (YR) 



The content of Y register is stored in register designated 
by R field. 



CLR R 



Clear Register 



1 I 1 ' ' 
_l I I I — 



< R < 7 



(R) *■ (0 4 R S 4) 



"0" is written in the register designated by R field (0SRS4). 
For 5=R=7, decode matrix output or PLA output corresponding to 



data "0" is written in the register. 
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(2) Operation Instruction 

Operation instruction has 2 operand instruction and 1 operand 
tion, and performs arithmetic operation and logical operation. 



ADI I 



ADA 



A C A 



Add Accumulator Immediate 







1 I ° 1° I 1 



(AC) * (AC) + I 



The value of I field is added to the content of accumulator. 
After execution of instruction, Z flag and C flag are updated. 



Add and Store to Accumulator 



re up 



1 I l ' 

I 1 L 



— 1 1 1 ' — 

I i i I 



(AC) - (M) + (AC) 



The content of accumulator is added to the content of memory, 
and the result is loaded in accumulator. After execution of 
instruction, Z flag and C flag are updated. 



Add and Store to Memory 



r 



7 

— n — i 1 1 > 1 1 — 

IiOiOiOiI'O'O'O 



(M) * (M) + (AC) 



The content of accumulator is added to the content of memory, 
and the result is stored in memory. After execution of in- 
struction, Z flag and C flag are updated. Note 1, Note 2 



Add with Carry and Store to Accumulator 



7 

— I 1 1 1 1 1 1 — 

1 i iOIOiOiO'O'I 
I I I I I I 1_ 



(AC) + (M) + (AC) + (C) 



The content of accumulator and the content of C flag are added to 
the content of memory, and the result is loaded in accumulator. 
After execution of ins true t ion , Z flag and C flag are updated. Note 1 
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ACM 


Add with Carry and Store to Memory 




» ( 
l 1 l 1 i i > 


) 






(M) (M) + (AC) + (C) 


* 




* 




The content of accumulator and the content of C flag are added to 
the content of memory, and the result is sotred in memory. After 
execution of instruction, Z flag and C flag are updated. Note 1, Note 2 


SUA 


Subtract and Store to Accumulator 




1 

l l l 1 1 1 I 
1 1O1O1O1O1O1I1O 



) 


1 


(AC) ♦ (M) - (AC) 


* 


* 





The content of accumulator is subtracted from the content of 
memory, and the result is loaded in accumulator. After execution 
of instruction, Z flag and C flag are updated. Note 1 


SUM 


Subtract and Store to Memory 




1 ( 

i!o|o|o|i!o|i|o 
i i i i i i i 


) 




1 








(M) - (M) - (AC) 


* 


* 




The content of accumulator is subtracted from the 
memory, and the result is stored in memory. After 
instruction, Z flag and C flag are updated. Note 1 


content of 

execution of 
, Note 2 


R A 


Or and Store to Accumulator 




< 

I1O1O1O lOlliOiO 
• 


) 




1 








(AC) ♦ (M) v (AC) 









The logical sum of every bit of the content of memory and the 
content of accumulator is loaded in accumulator. After execu- 
tion of instruction, Z flag is updated. Note 1 
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R M 



Or and Store to Memory 



— i 1 r — i ' t ! i 

1 I I I I 1 1 I i 
— I 1 1 1 1 1 1 — 



CM) 



(M) v (AC) 



The logical sum of every bit of the content of memory and the 
content of accumulator is stored in memory. After the execution 
of instruction, Z flag is updated. 



Note 1, Note 2 



E A 



Exclusive-or and Store to Accumulator 



i|o!o!o|o!ilo!i 

i i I i I I I 



(AC) * (M) v (AC) 



The exclusive OR of everv bit of the content of memory and the 
content of accumulator is loaded in accumulator. After execution 
of instruction, Z flag is updated. Note 1 



E M 



Exclusive-or and Store to Memory 



i 



i ! i !o |i 
— i — i — i — 







(M) - (M) v (AC) 



The exclusive OR of every bit of the content of memory and the 
content of accumulator is stored in memory. After execution of 
instruction, Z flag is updated. Note 1, Note 2 



C M A 



Complement Accumulator 



7 

— I „ i „ I 1 1 1 1 — 

Ii0l0,l0l0lllll0 



(AC) * (AC) 



The content of accumulator is inverted every bit. 
After exectuion of instruction, Z flag is updated. 
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Complement Accumulator and Store to Memory 


7 


C 

i!o !o |oli liii lo 

1 i i 1 l 1 1 




1 








(M) *■ (AC) 


* 






The content of accumulator is inverted every bit, and the result 
is stored in memory. After execution of instruction, Z flag is 
updated. Note 1, Note 2 


I C A 


Load Accumulator and Increment 




C 

io o|oo|o|i|i 

II 1 1 1 1 1 




1 


(AC) *■ (M) + 1 


* 


A 





"1" is added to the content of memory, and the result is loaded 
in accumulator. After execution of instruction, Z flag and C 
flag are updated. Note 1. 


I C M 


Increment Memory 




c 

i 1 o 1 6 1 o 1 1 I o 1 1 I i 




) 


1 


(M) +■ (M) + 1 


* 


* 




"1" is added to the content of memory. After execution of in- 
struction, Z flag and C flag are updated. 
Note 1, Note 2 


I C L 


Increment L-register 




( 

o lolo ! o ] 6 lo li lo 

II 1 1 1 1 1 


) 


1 


(LR) * (LR) + 1 









"1" is added to the content of L register. 
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T S M 



Increment H-register 



^ i I 1 1 1 1 — 

I I 10 I I i I i 1 
— I I I I I I I 



(HR) (HR) + 1 



'1" is added to the 



Test Memory 



llOlOlOllllllil 



Cm-, 



(M) <- (M) 



Z flag is set according to the content of memory. 
Note 1, Note 2 



(3) Bit Manipulation Instruction 



The bit manipulation instruction is performed to each bit of 
or status register. 



Test a bit for Accumulator 



1 1 1 1 1 

1 t I 1 i I I 



< G < 3 



Null * (AC) A 2G 



The Z flag is updated, according to the bit of accumulator 
designated by G field. 
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Tast a bit for Status-register 



1 1 1 1 1 — 

1 i i 1 i 1 i i 

I I I I 1 



< G:< 3 



Null * (ST) A 2G 



The Z flag is updated, according to the bit of status register 
designated by G field .- 



SBA G 



Set a bit for Accumulator 



1 ! ! 1 io |0 ! 1 
1 i i i i 



i G < 3 



(AC) * (AC) V 2G 



The bit of accumulator designated by G field is set to "1". 



SBS G 



Set a bit for Status-register 



— I 1 1 1 1 — 

1 i I 1 i 1 i i 1 
I I i t I 



£ G < 3 



(ST> «. (ST) V 2G 



Note 3 Note 3 



The bit of status-register designated by G field is set to "1". 



Clear a bit for Accumulator 



CBA G 



1 1 1 1 1 — 

1 I i 1 I i 1 I 
I I I I I 



< G s 3 



(AC) * (AC) A 2 G 



The bit of accumulator designated by G field is cleared to "0" 
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CBS G 



Clear a bit for Status register 



— i 1 1 1 1 — 

1 10 II i 1 I 1 1 
I I i I I 



1 G $ 3 



(ST) * (ST) A 2 G 



Note 3 



Note 3 



The bit of status register designated by G field is cleared to 
"0" . 



IBA G 



Invert a bit for Accumulator 



— I 1 1 1 1 — 

1 i i 1 I I 1 I 1 

— i i i I i 



< G < 3 



(AC) * (AC) V 2G 



The bit of accumulator designated by G field is inverted. 



IBS G 



Invert a bit for Status register 







i i o i i ! i ! i ! i 
__i i i i i 



< G < 3 



(ST) * (ST) V 2G 



Note 3 



Note 3 



The bit of status register designated by G field is inverted. 
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(4) Branch nstruction 

The branch instruction performs unconditional or conditional branch. 







Jump 








7 


015 




8 




JMP 


AP 




1 1 1 

1 i 1 i 1 i 

i i > 


AP L 


AP H 1 


AP M 


1 


2 












OsAPi 4095 












(PC) * AP 






■ 






The value of AP field is set to program counter. After execution 
of instruction, therefore, program sequence changes to the AP 
address. 






Branch on Condition Set 








1 


015 




8 




BCS 


AP 




i i 1 
1 i 1 I i 

1 I 1 


APl 


r 

AP H I APM 


~i 
i 

j 














< AP < 4095 






2 






If Z = 1 then 


(PC) - AP, else Null 













The content of Z flag is "1", the value of AP field is set to pro- 
gram counter. After execution of instruction, therefore, program 
sequence changes to the AP address. 

If the content of Z flag is "0", the program sequence follows 
the next address without anv operation. 






Branch on Condition Clear 








7 


015 




8 




BCC 


AP 




1 I 1 I Oil 

1 1 1 


apl 


AP H AP M 


i 

J 


2 












< AP s 4095 












If Z = then 


(PC) «- AP, else Null 













The content of Z flag is "0",the value of AP field is set to pro- 
gram counter. After execution of instruction, therefore , program 
sequence changes to the AP address. 

If the content of Z flag is "1", the program sequence follows 
the next address without any operation. 
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(5) Interrupt/Subroutine Instruction 



The interrupt/subroutine instruction is used for performing a call of 
subroutine and a return from interrupt routine or subroutine. 

In addition NOP instruction is available as one other instruction. 



CAL AP 



R T N 



J A C 



NOP 



Call Subroutine 




7 015 




8 






1 l 1 1 1 I 1 1 AP L 
l 1 1 l 


AP H AP M 


"1 

1 

_i 


2 






< AP < 4095 








push (PC) , and (PC) * AP 










The content (the next address) of program counter is stored in 
the stack, and the value of AP field is set to the program 
counter. The interrupt is placed in disable (queued) state 



during execution of 



ltir 



Return 



I I i 1 



POP (PC) 



The content of the stack is restored to program counter. After 
execution of instruction, the interrupt is placed in enable state. 



Jump by Accumulator 







0'0' 1 1 1 I i 



(PC)->-(PC)+l,and(PC)<-(PC)<ll:4><>(AC) 



The content (address where JAC instruction is sroted.plus 2) of 
the incremented program counter is taken as the higher 8 bits, and 
the content of AC is taken as the lower 4 bits; then, the value 
of 12 bits in total that these contents are connected is set to 
the program counter. 



No Operation 



' 



' 

— I — 



i I I 



o ; o 



Null 



This is an instruction by which nothing is executed. 
However, Y register flag is reset to "0". 
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Note 1: The address of data memory becomes as follows; 

EYR = , (HR°LR) 
EYR = ] , (0°YR) . 



Note 2: Care should be taken to the fact that, even after this 

Instruction is ececuted, Y register flag does not change. 

Note 3: A flag may be updated as a result of processing. 
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3, LIST OF INSTRUCTIONS 





Mne- 
mon c 


Machine code 




T !riH a t" p 
u|Jud L 

of flag 






Hexa- 
decimal 


Binary 


Operation 


Remarks 




LAR 


li 


OOOlOiii 


, 

(ACWRegister iii) 








LTR 


li 


OOOlliii 


(AC)-<-(Register iii) 


Z 




e 


LAM 


04 


00000100 


(AC)-(M) 






ctio 


LTM 
LSM 


87 
05 


10000111 
nnnon l n 1 

UUUUU1U1 


(AC)<-(M) 
(ST)<-(M) 


Z 

ZC 




3 
N 


LAL 


06 


00000110 


(AC)-<-(LR) 






4_) 

Go 


LAH 


07 


00000111 


(AC)--(HR) 






C 
M 


LAI 


4i 


OlOOiiii 


VAC)<-1111 








LLI 


6i 


OllOiiii 


( LR)**~i iii 






sf er 


LHI 


7i 


Ollliiii 


(HR)-'-iiii 






LYI 


5i 


OlOliiii 


(YR)«-iiii 




Ilik is set 


c 
co 


SAR 


2i 


OOlOliii 


\ Keg is ter in;-*- i,al. ) 






M 

H 


SAM 


OC 


00001100 


(n) +- l, AC; 








SSM 


0D 


00001101 


(M; +- (bT; 






tO 

4-t 


SAL 


0E 


00001110 


(LR)-*- (AC) 






CO 

Q 


SAH 


OF 


00001111 


(HR)-«-(AC) 








SAY 


08 


00001000 


(YR;<-(AC; 




EYR is set 




SYR 


3i 


OOllOlii 


(Register lii)'*"(YR) 








CLR 


2T 


OOlOOiii 


(Register iiiJ^O 








AD I 


91 


lOOliiii 


(AC)<-(AC)+iiii 


zc 






ADA 


80 


10000000 


(AC)<-(M) + (AC) 


ZC 






ADM 


88 


10001000 


(M) *- (M) + (AC) 


zc 






ACA 


81 


10000001 


(AC)-(M)+(AC)+(C) 


zc 




C 
O 


ACM 


89 


10001001 


(M) <- (M) + (AC) + (C) 


zc 




-H 
U 


SUA 


82 


10000010 


(ACH(M)-(AC) 


zc 




u 
3 


SUM 


8A 


10001010 




zc 




H 
(J 


ORA 


84 


10000100 


(AC)->-(M)v(AC) 


z 




tn 
c 


ORM 


8C 


10001100 


(M) *■ (M)V(AC) 


z 






EOA 


85 


10000101 


(AC)^(M)V(AC) 


z 




c 


EOM 


8D 


10001101 


(M) <- (M)V(AC) 


z 




o 

■H 


CMA 


86 


10000110 


(AC)^TACT 


z 




U 
CO 


CMM 


8E 


10001110 


(m) *xscy 


z 




H 

CU 


ICA 


83 


10000011 


(AC)-(M)+1 


zc 




<§- 


ICM 


8B 


10001011 


(M) <- (M)+l 


zc 






ICL 


02 


00000010 


(LR)*(LR)+1 








ICH 


03 


00000011 


(HR)i-(HR)+l 








TSM 


8F 


10001111 


ao*w. it ( M )=o 
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Mne- 
monic 



Machine code 



Hexa- 

Binary 

decimal 



Operation 



Update 
of flag 



Remarks 



o 

o 

r-1 -H 

3 *J 

O. U 

•H D 
C U 



TBA 

TBS 

SBA 
SBS 
CBA 
CBS 
IBA 
IBS 



Ai 

Bi 

Ai 
Bi 
Ai 
Bi 
Ai 
Bi 



lOlOOOii 

lOHOOii 

lOlOOlii 
lOHOlii 
lOlOlOii 
lOlllOii 
lOlOllii 
lOllllii 



if (AC)<ii>=0 

if (ST)<ii>=0 

(AC)<ii>^l 

(ST)<ii>--l 

(AC)<ii>i-0 

(ST)<li><-0 

(AC)<ii><-TiC)<ii> 

(ST)<ii><-(ST)<ii^ 



then Z +■ 1 

eles Z -<- 

then Z i- 1 

eles Z-i-0 



Asteris (*) 
denotes that, when 
Z flag and C flag 
are designated, 
the fags are 
updated . 



u U) 
3 U 
u tu 



JMP 



BCS 



BCC 



RTN 

J AC 
NOP 



Ek 

ij 
Ck 

ij 
Dk 

ij 
Fk 
ij 
01 

09 
00 



lllOkkkk 

iiiijjjj 
HOOkkkk 

iiiijjjj 
HOlkkkk 

iiiijjjj 
llllkkkk 

iiiijjjj 

00000001 

00001001 
00000000 



(PC)*iiiijjjjkkkk 

if Z=l then (PCHiiiijjj jkkkk 

if Z=0 then (PC)i-iiiij j j jkkkk 

(PC) + , (PC)*-iiiij j j jkkkk 

(PC)t 

(PC)->-((PC)+l)<ll:4> o(AC) 
No Operation 



2-by te , 2-cycle 
instruction 



1-byte, 2-cycle 
instruction 

EYR is reset. 



Note: Pay attention to the conversion of the underlined machine codes. 



TOSHIBA CORPORATION 



141 



INTEGRATEDCIRCUIT 



TECHNICAL DATA 



4. TLCS-46A Instruction map 





































X 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





NOP 


*1 

RTN 


ICL 


ICH 


LAM 


LSM 


LAL 


LAH 


SAY 


*1 

JAC 






SAM 


SSM 


SAL 


SAH 


1 








L A 


R 










L 


r r 








2 








C L 


R 








S A R 


3 






S Y 


R 






4 
















L A 


I 














5 
















L Y 


I 













6 
















L L 


I 
















7 
















L H 


I 
















8 


ADA 


ACA 


SUA 


ICA 


ORA 


EOA 


CMA 


LTM 


ADM 


ACM 


SUM 


I CM 


ORM 


EOM 


CMM 


TSM 


9 
















A D 


I 
















A 




T 


B A 






S 


B A 




C B A 


I B A 


B 




T 


B S • 






S 


B S 






C E 


S 




IBS 


C 


B C S : 


D 


B C C * 2 


E 


*2 

J M P 


F 


*2 

C A L 



*1 - 1 byte,2-cycle instruction 
*2 - 2 byte,2-cycle instruction 
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[OPERATION DESCRIPTION] 
1. Basic Clock 

The basic clock is .used to generate the basic timing signals for the 
operation of TLCS-46A and as the clock for the divider. 

For the generation and supply of basic clock, there are following 



methods : 



<1) Connecting crystal oscillator/ceramic oscillator 



XlN Xqut 



ClN -L^TCOUT 

7^7" T T 



In case the crystal oscillator/ceramic 
oscillator is connected as shown in 
the left figure, it is possible to 
obtain the oscillation frequency 



characteristic to crystal oscillator/ 
ceramic oscillator. 



(2) Connecting I FT 



x OUT 



^IN 



°OUT 



In case the IFT is connected as shown 
in the left figure, it is possible 
to obtain the oscillation frequency 
characteristic to IFT. 



(3) Suppling the external clock 
X IK x OUT 



Open 



External oscil- 
lation circuit 



If the external oscillator is con- 
nected to Xxn terminal as shown in 
the left figure, it is possible to 
supply the clock from the external. 

In this case, XouT terminal shall 
be kept open. 
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2. Instruction Execute Cycle 

The instruction execute cycle consists of two 
is and i, supplied by the timing generator. 



timing signals, 



is the signal expressing the instruction execute cycle, while i is the 
signal which comes to the set timing of data memory, register, etc. 



|— Instruction— | 



excute 
cycle 



n 



Program 
counter A address 



X 



B address 



X 



r 



C address 



~ y D address ""^ 



Instr. 
register_ 



int «" ai ~n y v y y y — y — v 

bus — A A A A A A A A_ 

Instruction Execution Timing ( 
3. Initialize operation (System initialization) 



Chart 



The initialize operation is carried out without fail after impressing 



power source on 
interior . 



TLCS-46A, which is returned to the initial stj 



ate in the 



By keeping the RESET terminal to "L" level, the internal initialize 
signal is formed, whereby the initialize operation of TLCS-46A is executed. 
At this time, more than 2 cycles are required for the time of "L" 
level . 
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RESET 



W < 2 cycles 


W >_ 2 cycles 


Whether or not Initialize 
operation is executed is 
not difinite. 


Initialize operation 
is executed. 



However, 1 cycle corresponds to 2 period of internal basic 
clock (CP). 

By the initialize operation, the interior of TLCS-A6A comes to 
conditions as given below: 



the 



© 
© 
© 

© 
© 



Resetting H flag and D flag of status register to "0". 

Resetting the interrupt latch to "0". 

Resetting the port register "0". 

(All output pins come to "L" level.) 

Setting the stack flag to "1". 

Setting the program counter to address. 



There is no influence on accumulator, d-^ta monory, H register, 

L register, Y register, C flag and Z flag of status register, etc. 



The program is executed from address when RESET signal comes 

to "H" level and the internal initialize signal comes to "L" level. 
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CP 



RESET 



Internal 
initialize 
signal 



-if- 



r 



— 



Jn ,n 



rogram W *"W W" 
ounter __A „ A address A 



P 

coun 



1 address 



X 



Instr. 
register 



NOP instr. \ ^"addrells.Xof' S "address__)C 



Start from initialization 

Interrupt Operation 

TLCS*-46A is provided with the function permitting the external interrupt 
operation. The interruption is an operation enabling other processing 
to be preferentially made by suspending the processing underway. 
The request for interrupt operation is made by changing INT terminal 
from "H" level to "L" level and by holding the terminal on "L" level 
for more than 2 cycles. 



There are several conditions enabling TLCS-46A to start the inter- 
rupt operation. If the interrupt operation request is made before 
the conditions are satisfied, the interrupt operation is in standby 
state to wait until the conditions are satisfied. 
The conditions are as follows: 
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(T) Data memory is not made reference with Y register. 

(EYR ■ 0) 
(?) Stack is empty. (FSTK = 0) 

(3) No hold operation (Interrupt request is ignored in hold operation.) 



The external interrupt request signal is preserved in the internal 
interrupt latch, and the interrupt latch is cleared when the 
interrupt is accepted. 



In case of repetitive interrupt request, it is required to make INT 
terminal "H" level (more than 2 cylces) and to make INT terminal "L" 
level. Repetitive interrupt request is not accepted when INT terminal 
is "L" level without making it "H" level. 

© Internal latch set timing 

-> W 



INT 



r 



W < 2 cycles 


W >. 2 cycles 


Whether or not interruption 
latch is set is not 
difinite. 


Interruption latch 
is set 



However, 1 cycle corresponds to 2 period of internal 
basic clock (CP). 

(2) Internal latch repetitive set timing 



INT 



More than 
"2 cycles - ; 



More than 
2 cycles- 
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If - 


< W' < 2 cycles 


W 1 2 2 cycles 


Interruption latch 
is not set again. 


Whether or not inter- 
ruption latch is set 
again is not difinite. 


Interruption latch 
is set again 



However, 1 cycle coresponds to 2 period of internal basic clock 
(CP) 

When TLCS-46A accepts the interrupt, the following processings are made: 

1 The content of program counter is stored in a save register (stack). 

2 The entry address (address 2) is set in the program counter. 

3 The interrupt latch is cleared. 

Therefore, the interrupt service routine defines 2 address of program 
memory as the top address. 

When TLCS-46A returns to the main program by completing the interrupt 
process, it follows the execution of RTN instruction 
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CP 



INT Terminal 

Interruption 
latch set 
pulse 



-If- 



I 



Interruption 
latch 

Interruption 
demand signal 




Program 
counter 

Instruction 
register 

Stack 



Stack flag 



DC 
DC 



I 



A address 



X 



X 
X 



2 address 



NOP 

instruction 



Instr . of 
add. 



X 



A address 



Interrupt Acceptance Timing Chart 



5. Hold Operation 

In case the hold operation is designated by mask options, the opera- 
tion state (normal/hold) of TLCS-46A is controlled by the H flag of 
status register. 
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When each instruction of SBS , LBS and LSM is executed, and "1" is 
set to the H flag, the internal timing signals of rf s and 4> stop 
after the completion of the execution of the instruction, whereby 
the hold operation begins. At this time, the program counter, in- 
struction register and other internal registers are held in the 
state which was before the .hold operation, but the interrupt request 
under waiting is ignored because the interrupt latch is cleared. 

As the clock generator does not stop, there is no influence on the 
internal basic clock and the count function of divider. 

Restart from the hold operation is made by resetting H flag to "0" 
in hardware. For the signal for resetting H flag, the output of 
divider (the MSB input (C3) of counter buffer) is used, and the 
resetting is made by detecting the trailing edge of the bit input 
(C3). 

At the input of divider is the internal clock (CP) , restart is made 
at constant intervals. 

When H flag is reset, the internal timing signals of «S S and (S start, 
whereby the execution is countinued to start from the condition which 
is the same as that just before starting the hold operation. 

■ 
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Normal operation ' Hold ODeration 


Program 

counter A address 


X A + 1 addres S/ 


A + 2 address 




Instruction 
register 


V Instruction ^ 
A of A address / 


' Instruction of A + 1 adress 




/Instruction of\ 




H flap 


setting "1" to 
VH flag 





Hold Operation Dtart Timing 



CP 



H flag 

reset signal 
H flag 



0S 







Program 
counter 



Hold operation 



Normal operation 







A + 2 address 



pe 

I 



B address 



I 



C address 



r 

DC 



Instruction 
register 



Instruction of A + 1 add 



Instruction 
of A + 2 add 



I 



Instruction 
of B address 



Restart Timing from Hold Operation 
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6. Reference to Data Memory 

There are two methods of making reference to data memory. 

(1) The page of data memory is designated by H register, while the 
address in the page is designated by L register. 
In the case of access to data memory, it is so arranged as to 
make access to the address designated by L register in the page 
designated by the contents of H register. 
(1 page consists of 16 words.) 



(2) 
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Data Memory Address 



HR 




In the 



The address in page is designated by Y register, 
of access to data memory immediately after writing data in Y 
register by the instruction of LYI or SAY , the access is made 
to the address designated by the contents of Y register in page. 

7 43 

Data Memory Address 




L 



At the time.of making reference to data memory, it depends on 
the value of internal Y register flag (EYR) to select H register/ 
L register orY register for designating address . When EYR=0, the method 
(1) above is adopted. When EYR = 1, the method (2) above is 
adopted. When data are written in Y register by SAY instruction 
or LYI instruction, "1" is set to EYR. At the time of instruction 
execution when data are not set to data memory, EYR is reset to "0" 
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7. Input and Output Timing for Port 

The input of data from the input port of TLCS-46A and the output of 
data to the output port are made by the data transfer instruction 
between accumulator and each port. 

Port Input 

As the input ports of TLCS-46A are all non-latch inputs, the input 
data is required to be stable until the completion of reading. 

At the instruction cycle of LAR or LTR instruction, input data is 
set to the accumulator. 

Port Output 

The output ports of TLCS-46A output the content of port register. 
Data are written in the port register when SAR, SYR and CLR instruc- 
tions are executed. 

The digit output port (PO5) and segment output port (P06) for display 
are different in output timing from other output ports. 




S 



Port 

register 



Old data 



X 




New data 



Port 
data 



Olda data 



New data 



Output Timing (rort5, Portfi) 
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0s 

Port 
register 

Port 
data 



— L 



Old data 


X New data 




Old data 


^ New data 







Output Timing (except Port5, Port6) 



8. Input/Output Switching of Port 



The switching of input/output of port is made by the D 
flag of status register. By each instruction of SBS, CBS, IBS 
and LSM, the value of D flag is changed, whereby the switching, 
of input/output is carried out. 



0s 

r 

D flag 
Port 







Input mode 



Output mode 



Input mode 



Input/OutpuL Switching Timing of Port 



9. Output Terminal for External Timing 



CK terminal is equipped for taking out the output of the 
divider of clock generator. 
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The output frequency is designated by the mask options but is 
decided by the oscillator (oscillation frequency) used. The out- 
put frequency is either 1/32 or 1/64 of oscillation frequency or 
internal basic clock (CP). 

The output signal on CK terminal is generated after inverting the 
phase of the output of divider. 



Oscillation 
frequency 

(Xin) 

Internal basic 
clock 



(CP) 

External timing 
signal 
(CK) 




Example of the internal basic clock and external 
timing Waveform. 
'The internal basic clock (CP) is 1/4 of the \ 
oscillation frequency. The external timing signal 
is CP. 



r 



[Mask Options] 

TCP4620AP/TCP4630AP have many kinds of mask options on the clock 
generator, input output ports, etc. so as to meet the extensive 
requirements from the users. 



Option Name 


Function 


s c 

C P 


Prescribing the oscillator and oscil- 
lation frequency. 

Prescribing the dividing ratio for 
obtaining the internal basic clock. 
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Option Name 



Function 



C K 
COUNTER 



HOLD 

R S T H 

S T D 
P 2 
P 4 

P I 5 



P 6 
P L A 



Prescribing the output frequency for 
the external timing. 

Prescribing the reset timing of divider. 
Prescribing the input of counter buffer. 
Prescribing the function of H flag. 

Prescribing the restart signal from 
hold opration. 

Prescribing the function of port 0. 

Prescribing the function of port 2. 

Prescribing the function of port 4. 

Prescribing the function of input 
resistance of port 5. 

Prescribing the contents of decode matrix. 
Prescribing the function of port 6. 
Prescribing the contents of PLA. 



(Note) o The mask options of OSC-RSTH are decided by 
the oscillator (oscillation frequency) used . 

o Use the designation paper for mask options 
which is attached to the ES order sheet. 



Submit to us the designation paper for mask 
options together with the ES order sheet by the 
data two weeks prior to the date of submitting 
the mask tape. 
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Designation of Mask Options 





Option 


Item 




Option Name 


TYP001 


TYP002 


TYP003 


TYP004 


TYP005 


TYP006 


Oscillation 
frequency 


osc 


003 
32. 76K 
Xtal 


012 
100K 
Xtal 


050 
400-500K 
ceramic 
/I FT 


050 
400K 
ceramic 
/ IFT 


400 
3 - 4 . 2K 
Xtal 


400 
3- 4 . 2K 
Xtal 


Dividing ratio for 
internal clock 


CP 


00 


00 


04 


02 


64 


32 


External timing output 


CK 


32 


64 


CP 


CP 


CP 


CP 


I 

*-> 


Divider 


1 Input 


PD 


CP 


CP 


CP 


CP 


CP 


CP 


§ * 


Divider 


3 Input 


Counter PDR 


PD2 


PD2 


PD2 


PD2 


PD2 


PD2 


o « 
u 


Reset timing 


PDR 


N 


/12500/ 


N 


N 


N 


N 


u 

cu u 
u ai 


Buffer 


Input 


CO 


PI,, 


Pleo 


PIso 


PI 6 o 


Pleo 


PI 6 o 


Buffer 


1 Input 


Counter CI 


RD9 


RDB 


RDB 


RD7 


RDA 


RD7 


C 
3 


Buffer 


2 Input 


Buffer C2 


RDA 


RDC 


RDC 


RDA 


RDB 


RDA 


O 3 

u to 


Buffer 


3 Input 


C3 


RDB 


RDD 


RDD 


RDD 


RDC 


RDD 


H flag 


HOLD 


K 


H 


K 











Restart condition 


RSTH 


C3 


C3 


C3 











Input/Out- 
put port 


Port 





STD 


D(PROG) 


1 (OUT) 










T /n nnrt- 


Port 


2 


P2 


/F/(0UT) 


/F/(0UT) 


/0/(IN) 


/0/(IN) 


/0/(IN) 








Port 


4 


P4 


/F/(0VJT) 


/3/1N/0UT) 


/F/(0UT) 


/ 3/(mt*JT) 

v Y L 


/0/(IN) 




Input resistance 
(Input port 5) 


PI5 


0(UP) 


1 (DOWN) 














Line 





DECO 


/ / 












Decode 
matrix 


Line 


1 


DEC1 


/ / 












Line 


2 


DECODER DEC2 


/ / 












Line 


3 


DEC3 


/ / 
















Line 


4 


DEC4 


/ / 












Output port 


6/7 




P06 


KP6/P7) 


0(P6) 














Line 





PLAO 


/ 00 


/ 
















Line 


1 


PLA1 


/ 11 


/ 


—. j 














Line 


2 


PLA2 


/ 22 


/ 


-J j 














Line 


3 


PLA3 


/ 33 


/ 


—. f 














Line 




PLA4 


/ 44 




-j j 














Line 


3 


PLA5 


/ 55 


' 
















Line 6 


PLA6 


/ 66 


/ 












P L A 


Line 


7 


PLA PLA7 


/ 77 


/ 












Line 


8 


PLA8 


/ 88 / 
















Line 


c < 


PLA9 


/ 99 


/ 
















Line 


A 


PLAA 


/ AA 


/ 
















Line 


B 


PLAB 


/ BB / 
















Line 


c 


PLAC 


/ CC 


















Line 


D 


PLAD 


/ DD 


/ 
















Line 


E 


PLAE 


/ EE 


/ 
















Line 


F 


PLAF 


/ FF 


/ 













Note 1 : 



As to each option item, one of the thick frames horizontally lined shall be 
selected. (The whole thick frame is enclosed with a circule.) 



Note 2: Please enter the data entry mode (decode matrix, PLA) by yourself. 
Note 3: The formal name of option is that naming continuously the option name 
and the data in the designation column of option. 
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(1) OSC - RSTH Options 

OSC-RSTH options can construct six kinds of combination . 
However, it is impossible to use the options by changing 
the combinations. 



Name of Option 


TYP 
001 


TYP002 


TYP 
003 


TYP 
004 


TYP 
005 


TYP 
006 


OSC 


003 


012 


050 


050 


400 


400 


CP 


00 


00 


04 


02 


64 


32 


CK 


32 


64 


CP 


CP 


CP 


CP 


PD 


CP 


CP 


CP 


CP 


CP 


CP 


COUNTER PDR 


PD2 


PD2 


PD2 


PD2 


PD2 


PD2 


PDR 


N 


/ 12500/ 


N 


N 


N 


N 


CO 


PI.0 


PIso 


PIso 


Pfeo 


PI60 


Pleo 


COUNTER CI 


RD9 


RDB 


RDB 


RD7 


RDA 


RD7 


BUFFER C2 


RDA 


RDC 


RDC 


RDA 


RDB 


RDA 


C3 


RDB 


RDD 


RDD 


RDD 


RDC 


RDD 


HOLD 


H 


H 


H 











RSTH 


C3 


C3 


C3 












(T) OSC: Prescribing the oscillator and oscillation frequency. 

o OSC003 - 32.768 KHz oscillation by Xtal oscillator. 

o OSC012 - 100 KHz oscillation by Xtal oscillator. 

o OSC050 - 400 KHz (400K^ 500KHz) oscillation by ceramic 
oscillator or IFT. 

o OSC400 - 4194.304 KHz oscillation by Xtal oscillator. 

Note (1) : It is possible to make driving from the external 
oscillator by -opening XoUT terminal and by ar- 
rangeing Xin terminal for input. 

Note (2): The formal name of option is that naming contin- 
uously the option name and the data in the des- 
ignation column of option. 
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(2) CP: Prescribing the frequency dividing ratio for obtaining 

the internal basic clock. 

o CPOO - Oscillation signal is made to clock, 

o CP02 - Signal of dividing oscillation frequency into 2. 

o CP04 - Signal of dividing oscillation frequency into 4. 

o CP32 - Signal of dividing oscillation frequency into 32. 

o CP64 - Signal of dividing oscillation frequency into 64. 

(3) CK: Prescribing the output frequency for external timing 

o CK32 - Signal of dividing oscillation frequency into 32. 
o CK64 - Signal of dividing oscillation frequency into 64. 
o CKCP - Signal of the internal basic clock frequency. 

© COUNTER: Dividers 

The divider consists of 16-stage divider and con be disassumbled 
into the basic construction of the front 2 stages [divider (1)] 
and the rear 14 stages [divider (2)]. 





Divid- 




1 1 1 1 1 1 | 1 1 .1 




er (1) 




I ] ] I J Divider (2) 1 1 | 




1 i 2 




3 ! 4 j 5 | 6 | 7 j 8 | 9 \ 10 | 11 1 12 J 13 ] 14 | 15 | 16 



(PD1 2) (RDO 1 



Counter 

buffer 

input 
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o PDCP - Setting the input of divider (1) to the inter- 

nal basic clock (CP). 

o PDRPD2 - Setting the input of divider (2) to the output 

of divider (1). 

o PDRK - Setting the function of divider (1) and divider 

(2) as the usual binary counters. 

o PDR/12500/ - This is the designation only at the time of use 
of 100K Xtal. When the count value of divider 
(2) is "12500", the divider (2) is reset to re- 
turn the count value to "0". 

(5) COUNTER BUFFER Prescribing the input of counter buffer 

The counter buffer is composed of 4 bits, which are marked CO, 
CI, C2 and C3 from LSB side (Bit 0). 



o 


C0PI60 




PI60 terminal input to Bit 0. 




o 


C1RD7 




The 


output 


of divider 


10 


to Bit 


I. 


o 


C1RD9 




The 


output 


of divider 


12 


to Bit 


1. 


o 


C1RDA 




The 


output 


of divider 


13 


to Bit 


1. 


o 


C1RDB 




The 


output of divider 14 to Bit 1. 


o 


C2RDA 




The 


output 


of divider 


13 


to Bit 


2. 


o 


C2RDB 




The 


output 


of divider 


14 


to Bit 


2. 


o 


C2RDC 




The 


output 


of divider 


15 


to Bit 


2. 


o 


C3RDB 




The 


output 


of divider 


14 


to Bit 


3. 


o 


C3RDC 




The 


output 


of divider 


15 


to Bit 


3. 


o 


C3RDD 




The 


output 


of divider 


16 


to Bit 


3. 



(6) HOLD, RSTH: Prescribing the function of H flag and the signal 
for restart from the hold state. 
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o HOLDH - Hold control is carried out by H flag. 

o HOLDO - No hold is_ main tained . H flag is capable of being 
used as the general flag. 

o RSTHC3 - Interlocking with HOLDH. Counter buffer bit 3 is 
used as the hold restart signal. 

o RSTHO - Interlocking with HOLDO. No hold is maintained. 



(2) STD - PI5 Options 

STL-FI5 options prescribe the state of input/output of port. 
It is possible to independently designate STD and P15 options 
respectively. 



Option 
names 


Designation of option 


STD 


D(PROG) 


1 (OUT) 








P2 


/F/(OUT) 


/F/(OUT) 


/0/(IN) 


/0/(IN) 


/0/(IN) 


P4 


/F/(OUT) 


/3/( IN/OUT) 


/F/(OUT) 


/3/ (IN/OUT) 


/0/(IN) 


PIS 


O(UP) 


l(DOWN) 









® STD: Prescribing the function of port 0. 

o STDD - Switching input/output of port is made according 
to the contents of D flag. 

o STD1 - Using as the output of port 0. In this case, 
D flag can be used as the general flag. 

(2) P2, P4: Prescribing the function of port 2 and port 4. 

Port 2 and port 4 are the 4-bit ports to which the input or 
the output can be designated. 

The 4-bit ports are expressed by the one-figure numeric 
characters of hexadecimal digit by defining the input as 
"0" and the output as "1" for each bit. 



TOSHIBA CORPORATION 



161 



INTEGRATEDCIRCUIT 



TM620AP 
TM630AP 



TECHNICAL DATA 



(Example) 



(MSB) 
3 



(LSB) 




Bit 



2 



1 







Input 
Output 








1 i 1 




) Hexadecimal = 3 



o P2/F/, P4/F/ - Prescribing both port 2 and port 4 as the 
output. 



the input, with the others being the output. 

o P2/0/, P4/F/ - Prescribing port 2 as the input and port 4 
as the output. 

o P2/0/, P4/3/ - Prescribing the lower 2 bits cf port 4 as 

as the output, with the others being the inp 

o P2/0/, P4/0/ - Prescribing both port 2 and port 4 as the 
input . 

(5) P15: Prescribing the function of the input resistance at 
port 5. 

o PI50 - Input port 5 comes to the input with p jll-up 



(3) DECODER- PLA Options 

The decoder and PLA options are the data writing mcde in which 
user designates the data. P06 option is used according to the 



o P2/F/, P4/3/ 



Prescribing the upper 2 bits of port 4 



resistance . 



o PI51 




function of PLA. 
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Option Names 


Designation of Oprions 


DECODER 


Data writing mode 




P06 
PLA 


1 (P6/P7) 
General output port 


(P6) 
Data writing mode 



DECODER: Prescribing the contents of decode matrix. 

Operation processing and internal data are processed with 4 bits 
However, at the output port 5, 5-bit data are produced as the 
output after the conversion into 5 lines by the decode matrix. 



P053 

-t>— □ P °52 
->-□ P °51 
-0— □ p °50 





(MSB) 


d 3 


4-1 
CD 
13 




d 2 


00 
C 




H 


•H 






■rH 


^(LSB) 


do 


1-1 
3 







O l-i 



DEC4 




DEC3 


N 


DEC2 


s l e 


DEC1 


•~ 

00 


DECo 


m 







The following explanation is made for the purpose of explain- 
ing the contents of decode matrix and has no direct relations 
with the design patterning in the actual LSI. Give your kind 
attention to this point. 



The logic of decode matrix can be expressed by the following 
formula. (See the above diagram.) 

'DECi = D3 ■ D 2 • Di • Do (i = - 4) 
Where, the selection is practicable as to 
Dj(j = 0-3) - d j or dj or 1 

As to the designation of decode matrix, it is possible to define 
the selection as "l",-to define non-selection as "0", and to 
express d3, d3, d2, d2, di, di, do, and do as the continuous 
8-bit data (d3 shall be MSB) with the figures of hexadecimal 
two digits. 
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^3 d 3 
» 


| ^2 , d 2 


~dl , d l , 3^ d Q 


x = 1 (Selection) or 


I 

X 1 X 

i 


■ 1 i 

. x ; x 


1 ! 1 ■ 

X 1 X I X 1 X 

1 




7 


? 


(Non-selection) 




Hexadecimal two digits 




! Dj = 


dj - (dj, d 


j) ~ (Selection, Non 


-selection)=(l, 0) 


D j = 


dj - (dj, d 


j) = (Non-selection 


,S2lection)=(0, 1) 


Dj = 


1 - (dj, d 


j) = (Non-selection 


, Non- select ion) = (0,0) 



Note 



It is meaningless to select both dj and dj 

Attention shall be given to the fact that the output comes to 
"1" except initialization in case where the designation of 
(Non-selection, Non-selection) is made to all bits (DECi = 1) . 



o In case where PO50 terminal output is "H" when the data 
"1" are written in the output port 5, and the output is "l ' 
when other data are written: 



Logic: 



DECO = d3 • d2 • dl • dO 



d3 d3 d2 d2 dl dl dC do 



Designation: DECO =1 1 



1 o[i 



1 



X' A9' 



In case where PO54 terminal output is "H" when the data "C" 
- "F" are written in the output port 5, and the output is 
"L" when other data are written: 

/Logic: DEC4 = d3 ■ d2 



s Designation : 



d3 d3 d2 d2 dl dl dO dO 

I 1 1 

DEC4 =1 1 1 1 1 



X' 50' 



In the case of PO51 terminal when the output of data written 
in the output port 5 is desired: 
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, Logic: 



DEC - dl 



"Designation: DEC1 



d3 d3 d2 d2 dl dl dO dO 

I 1 1 

= |0 OlO 1 | 



X' 04' 



* Refer to the examples of data designation. 

(2) P06: Prescribing thi function of port 6. 

o PO60 - Port 6 is used as the 8-bit PLA data output port. 

o POfci - Port 6 is used as the two 4-bit general output port. 

(No designation can be made as to the contents of 
PLA. ) 

(3) PLA: Prescribing the contents of PLA. 

Operation processing and internal data are processed with 4 bits 
However, at the output port 6, 8-bit data are produced as the 
output after the conversion into 8 lines by PLA. 



(MSB) 



( LSB) 




P0 67 



P060 



The following explanation is made for the purpose of explain- 
ing the contents of PLA and has no direct relations with the 
design patterning in the actual LSI. 
Give your kind attention to this point. 
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PLA can be expressed as the 16 words x 8 bits memory. (Refer 
to the above diagram.) Nemaly, the 4-bit write data is the 
address of PLA, and the 8-bit data read out from PLA comes to 
the output data on the output port terminals. 



Write 
data 


Address 


Write 
data 


Address 


Write 
data 


Address 


Write 
data 


Address 





PLAO 


4 


PLA4 


8 


PLA8 


12 


PLAC 


1 


PLA1 


5 


PLA5 


9 


PLA9 


13 


PLAD 


2 


PLA2 


6 


PLA6 


10 


PLA A 


14 


PLAE 


3 


PLA3 


7 


PLA7 


11 


PLAB 


15 


PLAF 



The_ designation of PLA data is made to addressee by expressing 
the 8-bit data, which are MSB in P067 terminal output and LSB 
in P060 terminal output, with 2-figure numeric characters of 
hexadecimal digit. 



o In case each output between P067 terminal anc PO60 terminal 
comes to H, L, H, H. L, H. H, and L when dats "5" are written 
in the 8-bit output port 6, 



P0<* P0 6 „ P0 62 P0 6 
P0 67 PCs POsa P0 61 



PLA 5 = 



I 

i 1 

I 



1 1 I 1 1 i 

— ' 



a(P0., 7 ) 



(POfa) /l(P0^ /(PO«) 
' h • 



(I0 60 ) 



7 



PLA 3 



In case data "3" are written in output port 6 or output 
port 7 tp use it as the 4-bit general output sort, 



P0 66 P0 6 <. P0 62 P0« 
P0 67 P0« P0 63 P0 S , 
I T 1 

Ifl 1 1 I 1 1 i 



X' 33' 



-Port 7- 



-Port 6 
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Therefore, if data "3" are written in output port 7, each 
output between P067 terminal and P064 terminal comes to L, 
L, H, and H. At this time, each input to register 6 (con- 
nected to P063 terminal- P060 terminal) comes likewise to 
0, 0, 1, and 1, but each output does not change because no 
setting is made to the register. This applies to the re- 
verse case comes likewise. 



o Refer to the examples of the 
Examples of the Designation of 



designation of data. 

Data for Decode Matrix and PLA 



Examples of 
General port 



DECO 
DEC1 
DEC2 
DEC 3 
DEC4 



dO 
dl 

d2 
d3 
d3 



DECO 
DEC1 
DEC2 
DEC3 
DEC4 



/01/ 
/04/ 
/107 
MO/ 
/80/ 



Examples of 5-1 Fig 
dynamic indication 



DECO = d3 d2 dl dO 
DEC1 = d~3~ dT dl dO 
DEC 2 = dT dT dl dO 
DEC3 - dT d2 dT dO 
DEC4 = dT d2 dl dO 



DECO = /A9/ 
DEC1 - /A6/ 
DEC 2 = /A5/ 
DEC3 ' /9A/ 
DEC4 = 799/ 



(Evaluator built-in option) 



General port 



PLA = 
PLA 1 = 
PLA 2 = 
PLA 3 = 
PLA 4 = 
PLA 5 = 
PLA 6 ■ 
PLA 7 = 
PLA 8 = 
PLA 9 = 
PLA A = 
PLA B = 
PLA C = 
PLA D = 
PLA E = 
PLA F = 



/00/ 
/ll/ 

tmt 
mi 
iwt 

/55/ 
/66/ 

mi 

/88/ 
/99/ 
/ AA/ 
/BB/ 
/CC/ 
/DD/ 
/EE/ 
/FF/ 



Examples of seg- 
ment display 



PLA = 
PLA 1 = 
PL/ 2 = 
PLA 3 = 
PLA 4 = 
PLA 5- 
PLA 6 = 
PLA 7 = 
PLA 8 = 
PLA 9 = 
PLA A = 
PLA B = 
PLA C = 
PLA D = 
PLA E = 
PLA F = 



/FC/ 
/60/ 
/DA/ 
/F2/ 
/66/ 
/B6/ 
/BE/ 
/E4/ 
/FE/ 
/F6/ 
/FD/ 

/00/ (blank) 

/02/ 

/CE/ 

/9E/ 

/8F;/ 



(Evaluator built-in option) 
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TECHNICAL DATA 



TCP462LW 
TCP463LW 



MASK ROM DATA TAPE FORMAT 



' COMMENT ' 
<CR) Cg) 



N8 ; 

@><2> 

RXXXX ; 

xxx Px ; 

x X x Px ; 
i 
i 
i 

xxx px ; 

@)(L£) 

R xxxx ; 

xxx Px ; 
i 
i 

i 

@> Cg? 

s 



Leader 



Comment 



Output of more than 50 characters of "NULL" 
(No other symbols than "NULL" should be 
existent . ) 



Output of six characters starting from the 
beginning of character train defined by TTL 
statement of source program and two characters 
of serial number, with apostrophe. (when no 
TTL statement exist, output of six characters 
of space code and two chareaters of serial 
number. ) 

Output of "N8" indicating that the date pattern is 8 
bits long. (The program data follow this code.) 



Output of the program start address following "R" 
four frames of decimal ASCII code. 



in 



1st address data 
and £heck sum 

2nd address data 
and check sum 

8th address data 
and check sum 



XxxPx 



I Check sum 

Numler of data bits having 
"1" is output. 

-Data 

Two-characters of eight bit 
data are output, in two frames 
of hexacecimal ASCII code. 



9th program address 
9th address data and check sum 

Repeated output through the last data 

Output of indicating the end of program data 

Trailer: Output of more than 50 characters of "NULL". 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



TCP1620AP 
TCP1630AP 



SYMBOL 


ITEM 


RATING 


VDD 


Supply Voltage 


-0.3V to + 7.0V 


VlN 


Input Voltage 


-0.3V to VDD + 0.3V 


VOUT 


Output Voltage 


-0.3V to VDD + 0.3V 




Power Dissipation 


600 mW 


Tsol 


Soldering Temperature 


260°C (10 SEC) 


Tstg 


Storage Temperature 


-55°C to + 125°C 


Topr 


Operating Temperature 


-30°C to + 85°C 



ALLOWABLE OPERATING CONDITIONS 



SYMBOL 


ITEM 


Condition 


VDD = 3V to 6V 


VDD = 4V to 6V 


Ta 


Ambient Temeprature 


-30°C to + 85°C 


-30°C to 85°C 


VOH 


Output High Voltage 


Min. V D D -3.5VU1.5V) 


Min. VDD -3.5V C>1.5V) 


vol 


Output Low Voltage 


Max. 3V 


Max. 3V 


fx 


Xtal Operating Frequency 


20KHz to 2MHz 


20KHz to 4.2MHz 


tcy 


Cycle Time 


40us to lOOus 


10us to 100ms 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4C2LAP 
TLW3CAP 



DC CHARACTERISTICS (Ta=-30°C to +85°C, V D D=3V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


M]N. 


TYP. 
(Note 1) 


MAX. 


UNIT 


VlH 


Input High Voltage 




VDD-0.75 


_ 


VDD 


V 


VDD i 4V 


VDD>:0.7 


Vddx0.55 


VDD 


VlHS 


Input Hieh Voltage 




Vdd>:0 . 9 


VDDxO.75 


VDD 


(Schmitt) 


VDD i 4V 


VDD> .85 


- 


VDD 


V IHC 


Input High Voltage(XlN Input) 




V DD >0.75 


_ 


VDD 


VIL 


Input Low Voltage 







VDDxO.45 


v DDx0.3 


VlLS 


Input Low Voltage 
(Schmitt) 







VDDx0.35 


VddxO . 1 


VDD * *v 







VddxO.15 


V ILC 


Input Low Voltage kXiN Input 









V DD x0 .25 


IlH 


Input High Current 


VDD=6V, VlN=6V 






zu 


HA 


IlL 


Input Low Current 


Vdd=6V, VIN=0V 


_ 




—20 


RlN 


Input Resistance (PI5) 


VDD=5V 


75 


150 




kn 


V H 


Output High Voltage 


,. Output 
VDD-5V, 

Open 


4.7 


4.9 




V 


vol 


Output Low Voltage 




. 1 


0.3 


!OH 


Output High Current 


V DD =4.5V,V H=2.4V 


-0.7 


-2 




mA 


IOH1 


Output High 

Current < P0 5. P°6) 


-2.5 


-6 




V D D=5V, Voh=4.2V 


-1.1 


-2.5 




IOL 


Output Low Current 


Vdd=4.5V, VOL=0.45V 


1.6 


4 




IOL1 


Output Low Current (P05.P06) 


3.5 


8 






V DD Supply 


(fx=32.8 KHz) 


Vdd=6V 

VlN=5.9V/0.1V 

(All valid) 
PI5 Open 
Cl = 50pF 

(Note 3) 




50 


300 


PA 


IDDO 


Current in 

Normal 

Operation 


(fx=100 KHz ) 




150 


450 


(fx=400 KHz) 




400 


1200 


(fx=4.19 MHz) 




1000 


3000 


I DIH 


VDD Supply 
Current in 
Hold 

Operation 


(fx=32.8 KHz) 




15 


80 


(fx=100 KHz ) 




40 


120 


(fx=400 KHz ) 




150 


450 



Note is Typical values are at Ta=25°C and Vdd=5V. 
Note 2: Output characteristic excludes XoTJT terminal. 

Note 3: Xtn input waveform at the time of measuring V D D supply current. 



90% -jC 3= 0.9VDD I 

-\ \— tr -I V- tf / du 

\ tr 



duty = 50% > 
tr.tf < 50ns t 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4c'20AP 
TCP4E30AP 



AC CHARACTERISTICS (Ta=-30°C to +85°C, V DD =3V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION MIN. 


TYP. 


MAX. 


UNIT 


tWXIN 


XIN Pluse Width 


External Input 
v IN=V IH c/VlLC 


0.4/fx 




0.6/f x 


SEC 


t WRESET 


RESET Pulse Width 


v lN=V IH s/ViLS 


2 tcy 






(IS 


C WINT 


INT Pulse Width 


2 tcy 






tWPI60 


PI60 Pulse Width 


2 tcy 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4620AP 
TCP4E30AP 



OUTLINE DRAWINGS 



Unit in 1 



R1.3 



1*2 U\ UO 3938 373635 3 4 3 3 3(2 3 1 30 29 2 8 2 7 26 2 5 U 23 22 

nnnn nnnnnnnnnnnnnnnnn 



4> 



UULIUUUUUUULJLJUUUUUUUUU 

12 3 i. 5 6 7 8 9 lO 1 1 12 13 19 1 5 16 17 1 8 19 20 21 



Note 1 
15.24(TYP.) 




Note 1: This dimension is measured at the center of beiding point 
of leads. 

Note 2: Each lead pitch is 2.54mm, and all the leads are located 
within + 0. 25mm from their theoretical position:! with 
respect to No.l and No. 42 leads. 
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INTEGRATEDCIRCUIT 



"C 2 MOS" DIGITAL INTEGRATED CIRCUIT 




TECHNICAL DATA 



SILICON MONOLITHIC 



CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 

This is the specification for TCP4620AF/TCP4630AF in the TLCS-46A 
family . 

TCP4620AF/TCP4630AF is a flat package version of TCP4620AP/TCP4630AP . 
There are some differences in electrical characteristics between TCP4620AF/ 
TCP4630AF and TCP4620AP/TCP4630AP; however, their function, instruction, 
and pin description are compatible. 

When using and examining TCP4620AF/TCP4630AF, therefore, it is recommended 
that this specification be used together with the technical data on 
TCP4620AP/TCP4630AP. 

The differences in electrical characteristics between the two are as 
follows : 

1. Power Dissipation 

P D = 400 mW MAX 

2. Operating Temperature and Ambient Temperature 



opr 



= -20 to 70°C 



T; 



= -20 to 70"C 



TOSHIBA CORPORATION 



173 



m INTEGRATEDCIRCUIT 

£R2 TECHNICAL DATA 



TCP4620AF 
TCP4630AF 



TCP4620AF /TCP4630AF ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


Rating 


V DD 


Supply Voltage 


-0.3V to +7.0V 


«IH 


Input Voltage 


-0.3V to v D n+0.3V 


v OUT 


Output Voltage 


-0.3V to " DD +0.3V 


PD 


Power Dissipation 


400m 


Tsol 


Soldering Temperature 


260°C(10 SEC) 


Tstg 


Storage Temperature 


-55°C to H25°C 


T opr 


Operating Temperature 


-20°C to +70°C 



ALLOWABLE OPARATING CONDITION 



SYMBOL 


ITEM 


Condition 


Vdd=3V to 6V 


V DD =4V to 6V 


Ta 


Ambient Temperature 


-20°C to +70°C 


-20°C to +70°C 


VOH 


Output High Voltage 


Min. Vdd -3.5V(>1.5V) 


Min. V D D -3.5V(>1.5V) 


vol 


Output Low Voltage 


Max. 3V 


Max. 3V 


fx 


Xtal Operating Frequency 


20KHZ to 2MHz 


20KHz to 4.2MHz 


tcy 


Cycle Time 


40 MS to lOOus 


10 us to 100WS 
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INTEGRATEDCIRCUIT 

HI 2 TECHNICAL DATA 



tfoduba 



TCP4620AF 
TCP4630AF 



DC CHARACTERISTICS (Ta=-20°C to 70°C, V DD =3V to 6V) 



QYMROT 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 
(Note 1) 


MAX. 


UNIT 
V 


via 


Input High Voltage 




VDDx0.75 


- 


vdd 


vdd i 4v 


VDDx0.7 


V DDx0.55 


v dd 




Input High Voltage 'Schmitt) 




VDDxO . 9 


VDDxO.75 


vdd 


VDD i 4V 


V DD xO . 85 


- 


vdd 


V IHC 


Input High Voltaae (Xjn Input) 




VdDxO.75 


- 


vdd 


VlL 


Input Low Voltage 







VDDxO.45 


VddxO . 3 


VlLS 


Input Low Voltage 
(Schmitt) 







Vddx0.35 


VDDxO.l 


vdd a 4v 





- 


VddxO. 15 


VlLC 


Input Low Voltage (Xin Input) 







- 


VLDxO . 25 


IlH 


Input High Current 


VDD=6V, Vin=6V 


- 


- 


20 


PA 


IlL 


Input Low Current 


VDD=6V, Vin=0V 


- 


- 


-20 


RlN 


Input Resistance (PI5) 


Vdd=5V 


75 


150 


350 


Kf2 


VOH 


(Jutput High Voltage 


VDD = 5V, Output Open 


4.7 


4.9 


- 


V 


vol 


Output Low Voltage 


- 


0.1 


0.3 


lOH 


Output High Current 


Vnn-4 5V Vnu-2 4V 


-0. 7 


-2 


- 


mA 


lOHl 


Output High Current 
(PO5, P06) 


-2.5 


-6 




Vdd=5V, Voh=4.2V 


-1.1 


-2.5 




IOL 


Output Low Current 


Vdd=4-5V, V l=0.45V 


1.6 


4 




KttJ. 


Output Low Current (PO5 , P06) 


3.5 


8 




IDDO 


Vdd Supply 
Current in 
Normal Opera- 
tion 


(fx=32.8 KHz) 


V D d=6V 

Vin=5.9V/0.1V 
(all valid) 

PI5 Open 

C L - 50pF 

(Note 3) 




50 


300 


PA 


(fx=100 KHz) 




150 


450 


(fx=400 KHz) 




400 


1200 


(fx=4.19 MHz) 




1000 


3000 


r DDH 


VDD Supply Cur- 
rent in Hold 
Operation 


(fx=32.8 KHz) 




15 


80 


(fx=100 KHz) 




40 


120 


(fx=400 KHz) 




150 


450 



Note 1: Typical values are at Ta=25°C and V DD =5V. 
Note 2: Output characteristic excludes Xq UT terminal. 

Note 3: Xin input waveform at the time of measuring Vq d Supply Current. 




tr, tf < 50ns 
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TCP4630AF 
TCP4630AF 



AC CHARACTERISTICS (Ta=-20°C to +7Q°C, Vdd=3V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C WXIN 


XIN Pluse Width 


External Input 
VlN=VlHC/VlLC 


0.4/fx 




0.6/£ x 


SEC 


C WRESET 


RESET Pulse Width 


VIN=V i1is /Vt l s 


2 tcy 






MS 


tWINT 


INT Pulse Width 


2 tcy 






'WPI60 


P160 Pulse Width 


2 tcy 







Note: Flat packages have a merit in assembly space, but th?y should be 
installed in better humidity and temperature environment than 
DIP's. 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4620AF 
TCP1630AF 



PIN CONNECTIONS (TOP VIEW) 



►"d ►ti 



X X ^3 ^ ^ 



34 33 32 31 30 29 28 27 26 25 24 23 22 21 



P20 

P21 

P 22 

P23 

V DD 

p 03 1 

P02 

P01 



35 




36 




37 




38 


20 


39 


19 


40 


18 


41 


17 


42 


16 


43 


15 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



w K H o 



3^333^ 3 3 3 3 



-q Ol «1 A- W M 



Note) Pins 18 and 39, power supply terminals, are connected 
in the package. 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4620AF 
TCP4630AF 



OUTLINE DRAWINGS 




Unit in 



in 



34 33 32 31 30 29 28 27 26 25 24 23 22 21 



'I 



_J 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



U U U 



20.0±0.1 



© o © 

fi l l 

o o 

■V oi o 



214±04 



(26.0±05) 
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IRS TECHNICAL DATA 



CMOS 4-BIT SIMGLE CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

This is the specification for TCP4620BP in TLCS-46A family. 

TCP4620BP is one version of TLCS-46A developed for the purpose of re- 
ducing the power consumption at hold operation so as to correspond to the 
applications having utilized the features of a CMOS microcomputer. 
TCP4620BP has realized the following charactristics . 

Supply Current in hold operation IDDHS TYP .= . lyA (V dd hS=2V) 

Hold voltage in hold operation V D DHS = 2V to 6V 

TCP4620BP is a version of TCP4620AP to which the oscillation control 
(stop/start) function of a clock generator in hold operation has been added. 
There are some differences in function, pin description, electrical 
characteristics, and mask option concering hold operation and oscillation 
contril between TCP4620BP and TCP4620AP; however, other functions, electrical 
characteristics, instructions, and pin connections are compatible. 

When using and examining TCP4620BP, therefore, it is recommended that 
this specification be used together with the technical data on TCP4620AP. 

Main differences with TCP4620AP are as follows: 
%. Function 

o In hold operation, the input level of PI60 terminal makes possible the 
oscillation control (stop/start) of the oscillator, and the oscillation 
stop enables the power consumption to be reduced. 

Supply Current in hold operation (Oscillation stop) 
IDDHS TYP. = 0.1UA*(Ta=25°C, V D f, HS =2V) 

Hold Voltage in hold operation (Oscillation stop) 
VDDHS =2 V to 6 V 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4620BP 



2. Pin Description 

o In hold opeartion, PI o terminal will function as .ir oscillation control 
terminal. 

PI6Q = "H" Oscillation stop 

PI60 = "L" Oscillation start (Continued.) 

o In either case of normal operation/hold operation, FI60 terminal is the 
reset input terminal of the divider (2). 

PI60 " "H" The divider (2) is reset. 

PI60 = "L" The divider (2) is not reset. (Reset is re- 

leased. ) 

o No Schmitt circuits are built in the following two terminals: 
PI60, INT 

3. Mask Option 

The contents only indicated on the mask option sheet of TCPA620BP can 
be designated.. 400 KHz ceramic oscillator/IFT oscillator can be used. 
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TECHNICAL DATA 



TCP4620BP 



PIN NAMES AND PIN DESCRIPTION 



Pin Name 


Input/Output 


Function 


Pq3 PqO 


Input /Output 


4-bit general purpose I/O port (I/O is designated by 
a programe) • Can be used as a dedicated output port. 
(Designated by mask options.) 


p 13 p 10 


Output 


4-bit general purpose output port. 


P 23 P 20 


Input or Output 


4-bit general purpose I nput/Output port. Input / 0u tput 

is design ted 

4-bit general purpose Input/Output port, by mask 

options 


P 43 P 40 


Input or Output 


p 54 p 50 


Output 


5-digit output port for display. 

(Can be used as the general purpose output port.) 


P67 P60 


Output 


8— segment output port for display. 

(Can be used as the general purpose 8-bit output 
port (4-bit x 2)) 


PI 53 PI 50 


Input 


4-bit general purpose input port. 


"60* 


Input 


1-bit general purpose input port/reset input of 
divider(2) [Note 1] (without Schmitt circuit). Dur- 
ing hold operation this input functions as an 
input for stopping the oscillation and for controlling 
restart of the oscillator. * 


RESET 


Input 


Reset signal input 


INT 


Input 


Interrupt request signal input (without Schmitt circu- 


X IN 


Input 


Oscillator connecting terminal. 


x OUT 


Output 


Oscillator connecting terminal. 


CK 


Output 


External timing output. 


TEST 


Input 


LSI test signal input, used by connection to GND. 


V D D 




Power Supply 


GND 




GND 



Note 1) In either case of normal operation or hold 'operation, the divider (2) is 

reset at "H" level input. 
Note 2) * denotes the differences between TCP4620BP and TCP4620AP/TCP4630AP . 
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m INTEGRATEDCIRCUIT 

IH2 TECHNICAL DATA 



HOLD OPERATION 

The hold operation of TCP4620BP is performed by setting "1" to H flag. 
In other words, immediately when "1" is set to H flag by execution of SBS , 
IBS, and LSM instructions, the internal timing signals is and & are stopped 
and TCP4620BP begins hold operation. (Refer to Figs. 1 and 3.) 

During hold operation the program counter, instructioi register, data 
memory, and other internal registers hold the contents stored before hold 
operation. However, the interrupt latch is cleared during hold operation, 
the waiting interrupt request and a new interrupt request are ignored. 

The oscillation of oscillatbr is suspended by holding PI60 terminal to 
"H" level during hold operation, so that the power consumption may be saved 
greatly. That is, while H flag A PI60 = l< tne oscillation Is suspended. 
(Refer to Fig. 3.) 

TCP4620BP is restarted from hold operation due to reset of H flag to 
"0" by the rising signal of the counter buffer C2 bit. 

Since the counter buffer is the output of the divider (2) which is 
counting the internal basic clock (cp) , TCP4620BP is restarted at regular 
intervals if oscillation is not suspended during hold operation. (Refer to 
Fig. 2.) This is the same cperation as the hold operation of TCP4620AP/ 
TCP4630AP. (However, there is a difference in nothing but restart condi- 
tion by mask option between *them.) 

When the oscillation is suspended during hold operations, restart opera- 
tion begins in the lapse of a certain period of time after a start of 
oscillation by holding PI60 terminal to "L" level. (Refer to Fig. 4.) 
Special attention should be paid to the fact that in TCP4620BP the divider 
(2) is reset to "0" by holding PI 60 terminal to "M" level. 
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TECHNICAL DATA 



TCP'l620BP 



PI60 
CP 



"A 



Normal Operation 



. Hold Operation 



CoSH"™ )( Address A ^Address A+l )( Address A + 2 

Instruction y ^Instruction V Instruction of. 
Register A Aof Address A A Address A + 



H Flag 



Fig. 1 Timing to Hold Operation (Oscillation Continuity) 



PI 



60 



CP 

H Flag. Reset 
Enable 



H Flag 
*S 





Program 
Counter 



Instruction 
Register 



Hold Operation 



Normal Operation 



Address A 2 ^Address A- " ^ ~ 



Instruction of Ade'ress A+l 



Instruction of Addrc-'G 7+2 

"X" 



X 



Instruction of A- • c-cs A+3 

Fig. 2 Restart Timing from Hold Operation (Oscillation 
Continuity) 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCPi(620BP 




Oscillation Stop 



Hold Operation 



Address A X Address A+l Y Address A + 2 



Instruction \f~ 
Register f\ 

H Flag 



' Instruction 
\ot Address 



TV Instruction of 
A A Address A - 1 



Fig. 3 Timing to Hold Operation (Oscillation Stop) 



Oscil- 
PI60 lation 
S top 

CP 



H Flag. Reset 
Enab le 

H Flag 





Program 
Counter 



Instruction 
Register 



LriJiJTJiJiJiJiJiJiJiJirL 
= n 



-<f- 



Hold Operation | ■ — Norma l Oper ation 



if- 

Address A + 2 
f/~ 



1 I 1 I 

_n n 

X Address V 
A + 3 A 



if 

Instruction of ArMrcss A+l 
if 



Instruction of Address A+2 



xz 



Instruction of / rMress A+ 1 



Fig. 4 Restart Timing from Hold Operation ( Oscillation Stop) 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP1620BP 



TCP462QBP MASK OPTION 


TYP011 






Oscillating 
Frequency 


OS C 


5 
400K 
Ceramic 
I FT 






Frequency division for 
internal clock. 


CP 


02 






T?"V t~ f "iml nr> nnfnnt" 
LiAli LXIIHHg UULpUL 




CP 






Divider 1 input 


PD 


CP 






COUNTER Di y i de r 3 input 


COUNTFR PDR 


PD2 






Reset Timing 


PDR 


N 






Buffer input 


CO 


PI60 






COUNTER Buffer 1 input 




RD7 






BUFFER Buffer 2 input 


BUFFER C2 


RDA 






Buffer 3 input 


C3 


RDD 






H Flag 


tiUuV 


H 






Restart Signal 


RSTH 


C2 Rise 






L/\J rorc Jrort u 


STD 


D(PROG) 


3 (OUT) 




Input /Output Port 2 


r z. 


/F/(0UT) 


/F/COUT) 


/0/(IN) 


/0/(IN) 


/0/(IN) 


put L xU-LL't 


P4 


/F/(0UT) 


/3/0N/OUT) 


/F/(0UT) 


/3/(IN/0UT) 


/0/(IN) 


input resistance 
(Input port 5) 


P I 5 


(UP) 


1 (DOWN) 




Line 


DECO 


/ / 






JJH L-UUd i_jJ.hct J. 


DEC1 


/ / 






MATRTX Line 2 


DEj^jVUiLis. UCiLZ 








Line 3 


DEC3 


/ / 












Line 4 




/ / 






Output Port 6/7 


P06 


1(P6/P7) 


(P6) 




Line 


PLAO 


/ / 


/ / 




Line 1 


PLA1 


/ 1 1 ,/ 


/ / 






PLA2 


/ 2 2 / 


/ / 




Line 3 


PLA3 


/ 3 3 / 


/ / 




Line 4 


PLA4 


/ 4 4 / 






Line 5 


PLA5 


/ 5 5 / 


/ / 




Line 6 


PLA6 


/ ft ft / 


/ / 




P L A Line 7 


P L A PLA7 


/ 7 7 / 
1 I I 1 


/ / 




Line 8 


PLA8 


1 8 8 / 


/ / 




Line 9 


PLA9 


/ 9 9 / 


/ / 




Line A 


.PLAA 


/ A A / 


/ / 




Line B 


PLAB 


/ B B / 


/■ / 




Line C 


PLAC 


/ C C / 


/ / 




Line D 


PLAD 


/ D D / 


/ / 




Line E 


PLAE 


/EE/ 


/ / 




Line F 


PLAF 


/ F F / 


/ / 





INT and PI60 are normal input terminal containing no Schnitt circuit. 

In Hold operation, oscillation is stopped at Pl60="H" and started at PI60= 

Divider (2) is reset at PI60="H". 
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INTEGRATEDCIRCUIT 

HI 2 TECHNICAL DATA 



TCP4620BP 



ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Supply Voltage 


-0.3V to +7.0V 


VlN 


Input Voltage 


-0.3V to V DD +0.3V 


V OUT 


Output Volatge 


-0.3V ts V DD +0.3V 


P D 


Power Dissipation 


60 D mw 


Tsol 


Soldering Temperature 


260°C(]0 SEC) 


T stg 


Storage Temperature 


-55°C to +125°C 


T opr 


Operating Temperature 


-30°C to + 85°C 


ALLOWABLE OPERATING CONDITIONS 


SYMBOL 


ITEM 


CONDITION 


v dd 


Supply Voltage 


4V to 6V 


Ta 


Ambient Temperature 


-30°C t> +85°C 


V 0H 


Output High Voltage 


Min. V DD -3.5V(>1.5V) 


Vol 


Output Low Voltage 


Max . 3V 


fx 


Xtal Operating Frequency 


40KHz to 400KHz 


tcy 


Cycle Time s 


lOus to 100ms 


V DDHC 


Hold Voltage at Hold Operation 
(Oscillation Stop) 


2V to 6V 
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Q| INTEGRATEDCIRCUIT 

HI 2 TECHNICAL DATA 



Normal Operation 

DC CHARACTERISTICS (Ta=-30°C to +85°C, V D D=4V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP . 
(Notel) 


MAX. 


UNIT 


V IH 


Input High Voltage 




VddxO . 7 


- 


vdd 


V 


VlHS 


Input High Voltage (Schmitt) 




Vddx0.85 


- 


vdd 


VlHC 


Input High Voltage (Xin) 




VddxO. 75 


- 


vdd 


ViL 


Input Low Voltage 







- 


VddxO. 3 


VlLS 


Input Low Voltage (Schmitt) 







- 


VddxO. 15 


VILC 


Input Low Voltage (Xin) 




- 


VddxO . 25 


IlH 


Input High Current 


VDD=6V,VIN=6V 




- 


20 


liA 


IIL 


Input Low Current 


V DD =6V,Vin=0V 




- 


-20 


RlN 


Input Resistance (PI5) 


VDD=5V 


75 


150 


350 


kfl 


VOH 


Output High Voltage 


Vdd=5V, Output Open 


A. 7 


4.9 




v 


VOL 


Output Low Voltage 






0.1 


0.3 


I OH 


Output High Current 


V D D=4.5V,V H=2.4V 


-0.7 


-2 




mA 


!OHl 


Output High Current 
(P05, P06) 


-2.5 


-6 




Vdd=5V, VoH=4.2V 


-1.1 


-2.5 




lot 


Output Low Current 




1.6 


4 




lOLl 


Output Low Current (P05.P06) 


V D d=4.5V, V OL =0.45V 


3.5 


8 




IDDO 


V D n Supply Current in 
Normal Operation 


Vdd= 6v » fX=400kHz 
Vin=5.9V/0.1V 
PI5 Open, 
CL=50pF (Note 3) 




400 


1200 


uA 


IDDH 


Vdd Supply Current in Hold 
operation (Oscillation Cont.) 




150 


450 



Note : Typical values are at Ta=25°C 

Note : Output characteristic excludes Xqut terminal. 

Note : Xin input waveform at the time of measuring V D d Supply Curren 



90%- 
10%/ 



0.1 VDD 
tr 



10.9 VDD 
— ff 



duty - 50% 
tr.tf < 50ns 
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m INTEGRATEDCIRCUIT 

jjf2g TECHNICAL DATA 

| Normal Operition | 



AC CHARACTERISTICS (Ta=-30°C to +85°C, V DD =4V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


'WXIN 


XIN Pluse Width 


External Input 
VlN--V IHC /ViLC 


0.4/fx 




0.6/fx 


SEC 


C WRESET 


RESET Pulse Width 


V IN =V IHS /V ILS 


2 tcy 






us 


'WINT 


INT Pulse Width 


V IN = V IH/ V IL 


2 tcy 






'wpieo 


P160 Pulse Width (Note 1) 


2tcy 







Note 1 : PIf.n terminal used for general purpose input port. 



TCP4620BP 
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-t 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4620BP 



Hold Operation (Oscillation stop) 



DC CHARACTERISTICS (Ta=-30°C to 85°C, V D n=2V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP . , „ 
(Notel) 


MAX. 


UNIT 


V D D 


Hold Voltage in Hold operation 




2.0 


- 


6.0 


V 


: DDHS 


^DD Supply Current in Hold 
Mode 


V DDHS=2V. V IN=1-9V/ 
0.1V PI5 Open 
VRESET=^DDHS 




0.1 


T.B.D. 


UA 


v DDHS=^V.Vin=4.9V/ 
0.1V PI5 Open 

V RESET= V DDHS 




0.2 


T.B.D. 


V IHHS 


Input High Voltage (P160) 


V DDHS=2V 


1.9 






V 




Input Registance (PI5) 




' 75 


150 


350 


m 


!OHHS 


Output High Current 


Vddhs=2v,v h=iv 




-0.4 




mA 


I 0H1HS 


Output High Current(PI5,PI6) 


v ddhs= 2v > v oh= 1v 




-0.9 




mA 


I OLHS 


Output High Current 


V DDHS= 2V > V OL=°- 45V 




2.0 




mA 


: 0L1HS 


Output High Current (P05.P06) 


V DDHS= 2V ' V 0L=°- 45V 




3.5 




mA 



Note 1 : Typical values are at Ta=25°C. 

Note 2 : The limits of Vjjjjjg, IoHHS> IOLH S an ° IQLIHS are e qual to the limits of 
VIH, I0H, IOH1, IOC and loci in | Normal Operation"! respectively. 
(VDDHS 4V) 



AC CHARACTERISTICS (Ta=-30°C to 85°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tWRST 


Restort Internal from Hold 
operation 


V DD = 4V to 6V 




2050tcy 




V s 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TIMING WAVEFORMS 

(1) X IN Input Waveform 

VlHC 

X IN 

(2) RESET Input Waveform 



tWXIN 



tWRESET 



VlLS 



(3) INT, PI 60 Input Waveform 
INT V IH 
"60 



TCP4620BP 



'IHC 



ft 



tWXIN 



VlLC 



VlCL 



Y 



Y 



VllS 



tWINT, tWPI 60 V IH \ v 



tWINT, PI 60 



»IL 



VlL 



Y 



(4) Restart timing froir. Hold Operation after Oscillation Stop. 



PI 



60 



\ 



CP- 



LMJULnJUUlJUL 



H Flag. . 
Reset 
Enable 

H Flag 



-if- 



Jl 



-fh 
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TOSHIBA CORPORATION 



APPLICATION EXAMPLES 

[1] Battery Backup 

It is thinkable that there is a backup method which utilizes a battery 
and a capacitor, as application of the system required to uninter- 
ruptedly resume the process before cutting-off of the power supply 
when the power supply has been restored after the power supply was 
cut off during the operation of the system. 

Fig. 1 shows the example of utilizing a battery and Fig. 2 shows 
the example of utilizing a capacitor. In both the cases, the operations 
are almost identical. Let us explain the circuit operation of the 
example (Fig. 1) of utilizing a battery. 

Under the condition of "Main Power Voltage > Backup Voltage," 

the power (VDDJ of 1CP420BP is supplied from the main power supply. 

When Qi is ON, "L" level is applied to PI60 terminal. 



In other words, the oscillator is in oscillation state, and the opera- 
tion of TCP4620BP depends on a program. 

Under the condition of "Main Power Voltage < Backup Voltage," 

the power (Vdd) of TCP4620BP is supplied from the battery, and when 

Ql comes into OFF state, "H" level is applied to PI60 terminal. 

In other words, the oscillator depends on the operating state of 
TCP4620BP, and if it is in hold s tate , . osci Hat ion is stopped. 

When TCP4620BP is put to hold state immediately after the power supply 
has been cut off, the oscillation is stopped, permitting a backup for 
a long period time. 



TOSHIBA CORPORATION 



191 



m INTEGR ATEDC I RCUIT 

HI 2 TECHNICAL DATA 



Main 
Power y 
Supply 




Fig. 1 Example of Backup Circuit by Use of Battery 




Fig. 2 Example of Backup Circuit by Use of Capacitor 
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I NTEGR AT ED C I RCU I T 



TCP4620BP 




TECHNICAL DATA 



[2] Restart by Key Input 

The possibility of a remote control system utilizing TCP4620BP can be 
considered as application of a system which operates only when the key 
is fed. 



Let us explain the example of application in Fig. 3. Usually 
TCP4620BP is in hold state, and only when the key is fed, the hold 
state is released to perform the process according to the input data. 

In other words, TCP4620BP is put to hold state after data X'F' has 
been output (putting SW1 to SW16 to selection state) to its output 
port 1 (PI). 

When the keys (SW1 to SW16) are depressed in this state, "L" level is 
applied to PI60 terminal and the hold state is released after certain 
period of time. 

The keys are scanned after the release of hold state, and the process 
is performed according to the key input data. After processing, the 
data output (X'F') to the output port 1 (PI) and a hold state are 
established. 

In such an application, TCP4620BP operates only when a key is depressed, 
permitting a sharp reduction in power consumption and a better display 
of the functions of TCP4620BP. 
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! NTEGR ATEDC I RCU I T 



TECHNICAL DATA 



TCPi)620BP 



"11 
"12 
p 13 

TCP4620BP 

PI50 



51 



PI 
PI52 
PI53 



PI 



60 



Key Matrix 



PI5 cor tains pull/down 
resistsnce at mask option. 



Fig. 3 Example of Restart Circuit by Key Input 



p 10 - 13 



(1111) 



PT 



50 - 53 



CP 



H Flag 



PI 



60 



-n- 



-ff- 



^ dai7) ( (HID 



Key^ Input D«taJ_ 



Sf- 



-if- 



-ff- 



-ft- 
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Hold State 



Key Input 



\ Processing 
Fig. 4 Example of Circuit (Fig. 3) Timing Chart 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4621AP 

C2-M0S DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 



GENERAL DESCRIPTION 

The TCP4621AP is a CMOS 4-bit single chip microcomputer most suitable for 
applications of driving fluorescent display tubess and of interfacing with 
high voltage circuits. 

Output high breakdown voltage: 

Vr,D- 32V (Absolute max. rating VDD - 35V) 
'Output high breakdown voltage port: 

14 ports (P0 60 to P0 67 , P0 50 to PO54, P 10 ) 



The TCP4621AP has adopted the P-channel Open Drain structure of some output ports of 
the TCP4620AP, resulting in high breakdown voltage. There are some difference be- 
tween the TCP4620AP and the TCP4621AP in electrical characterisitcs , pin 
functions, and mask options, but the other functions, electrical character- 
istics, instructions, and pin connections of the TCP4621AP are compatible 
with those of the TCP4620AP . For the use and study of this device, use 
jointly with TCP4620AP Technical Data. 

The following items are the points of difference in electrical characteristics. 

1. Operating temperature and ambient temperature 

Topr = -20 to +70°C 
Ta = -20 to +70° C 

2. Output high breakdown voltage port and output high level current 

I0H1 (P060 Co P0 67 ) = -1mA MIN. (V DD =4.5V, V OH =2.5V) 
I0H1 (PO 5 to P0 54 , P 10 ) = -7mA MIN. (V DD =4.5V, V OH =2.5V) 

3. Mask option 

The contents only which are shown on the TCP4621AP mask option sheet can 
be designated. 400 KHz ceramic/IFT can be used as an oscillator. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP462.1AP 



PIN NAMES & PIN DESCRIPTION 



Pin Name 


Pin No. 


Input/Output 


Function 


p 03 to p OO 


4 


Input/Output 


4-bit general purpose I/O port (I/O is 
changed over by a program.) This port can 
be used as a dedicated output. (I/O is 
designated by mask options.) 


P U to P 10 


4 


Output 


4-bit general purpose output port 

* P10 only is a output high breakdown 

voltage port 


P 23 to P 20 


4 


Input or Output 


4-bit general purpos ]nput/Output port 


P 43 t0 P 40 


4 


Input or Output 


Input/Output is designa:ed by mask options. 


PO54 
to 

PQ 


5 


Output 


* 5-digit Output high breakdown voltage 
port for display. (Can be used as the 
general purpose output port.) 


P°67 
to 

P0 60 


8 


Output 


* 8-segment output higi breakdown port for 
display [Can be used as the general pur- 
pose 8-bit output port (4x2 bits).] 


PI53 

to PI 50 


4 


Input 


4-bit general purpose input port 


PI60 


1 


Input 


1-bit general purpose input port (with an 
internal Schmitt circuit) 


RESET 


1 


Input 


Reset input terminal (rfith an internal 
Schmitt circuit) 


INT 


1 


Input 


Interrupt request input terminal (with an 
luLtiiidi oLiimx l l circuity 


Xtn 


1 


Input 


Oscillator connecting terminal 


XOUT 


1 


Output 


Oscillator connecting rerminal 


C K 


1 


Output 


External timing output 


TEST 


1 


Input 


Used by connecting to GND at all times 


VDD 


1 




Power supply 


GND 


1 




GND 



Note) The asterisk(*) indicates the points of difference between the TCP4620AP 
and this device. 

Output high breakdown voltage ports are of P-channel open drain structure. 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TCP4621AP 



TCP4621AP MASK OPTIONS 













TYP021 


TYP022 


Oscillation 










050 


050 










S C 


400K 


400K 


frequency 








ceramic 


ceramic 














I FT 


I FT 


Dividing ratio for 
internal clock 


CP 


02 


02 


External timing output 


CK 


CP 


PD2 


^ Divider 1 Input 


PD 


CP 


CP 


§ Divider 3 Input 


COUNTER PDR 


PD2 


PD2 


3 ai Reset 


timing 






PDR 






/12500/ 


u Buffer 


Input 


CO 




PI60 


PI60 


u qj Buffer 


1 Input 


COUNTER CI 


RD7 


RDB 


3 Buffer 


2 Input 


BUFFER 


C2 


RDA 


RDC 


o m Buffer 


3 Input 




C3 


RDD 


RDD 


H flag 


HOLD 





H 


Restart condition 


RSTH 





C3 


Input/Out- 
put port 


Port 





STD 


D(PROG) 


1 (OUT) 


I/O Port 


Port- 


2 




P2 


/F/(0UT) 


/F/ (OUT) 


Port 


4 




P4 


/F/(0UT) 


/ 3/ (IN AXJT) 


Input resistance 
(Input port 5) 


P15 





(UP) 


1 (DOWN) 




Line 







DECO 


/ 


/ 




Decode 


Line 


1 




DEC1 


/ 


/ 




matrix 


Line 


2 


DECODER 


DEC2 


/ 


/ 




(P05 ) 


Line 


3 




DEC3 


/ 


/ 






Line 


6 




DEC4 


/ 


/ 




Output port 


6/7 




P06 


KP6/P7) 


(P61 




Line 







PLAO 


/ 


00 / 






Line 


1 




PLA1 


/ 


11 / 


/ / 




Line 


2 




PLA2 


/ 


22 / 


/ / 




Line 


3 




PLA3 


/ 


33 / 


/ / 




Line 


4 




PLA4 


/ 


44 / 


/ / 




Line 


5 




PLA5 


/ 


55 / 


/ / 




Line 


b 




PLA6 


/ 


66 / 


/ / 


P L A 
(P06) 


Line 


7 




PLA7 


/ 


77 / 


/ / 


Line 


8 


P L A 


PLA8 


/ 


88 / 


/ . / 


Line 


9 




PLA9 


/ 


99 / 


/ / 




Line 


A 




PLAA 


/ 


AA / 


/ / 




Line 


B 




PLAB 


/ 


BB / 


/ '/ 




Line 


C 




PLAC 


/ 


CC / 


/ / 




Line 


D 




PLAD 


/ 


DD / 


/ / 




Line 


E 




PLAE 


/ 


EE / 


/ / 




Line 


F 




PLAF 


/ FF / 


/ / 



/0/(IN) 



/F/(0UT) 



/0/(IN) 



/3/ttN/OUT) 



/0/(IN) 



/0/(IN) 
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INTEGRATEDCIRCUIT 

lUS TECHNICAL DATA 



ABSOLUTE MAXIMUM RATINGS 


SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Supply Voltage 


-0.3 to +7.0 


V 


Vin 


Input Voltage 


-0.3 to V DD +0. 3 


V 


v OUTl 


Output Voltage 
(except P05,P06,Pio) 


-0.3 to V DD +0. 3 


V 


V OUT2 


Output Voltage 
(P0 5> P0 6> P10) 


VDD -35 to VDD+0. 3 


V 


P D 


Power Dissipation 


600 


mW 


Tsol 


Soldering Temperature • Time 


260 (10 SEC) 


°C 


Tstg 


Sotrage Temperature 


-55 to +125 


"C 


Topr 


Operating Temperature 


-20 to +70 


•c 


ALLOWABLE OPERATING CONDITIONS 


SYMBOL 


ITEM 


RATING 


UNIT 


Vdd = 4 to 6V 


Ta 


Ambient Temperature 


- 20 to +70 


°C 


VOUT 


Output Voltage 
(P06, P0 5 , P10) 


Max. V DD _ 32 


V 


fx 


X'tal Operating Frequency 


40 to 400 


KHz 


tcy 


Cycle Time 


10 to 100 


us 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4621AP 



DC CHARACTERISTICS (Ta = -20°C to +70°C, V DD = 4V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 




RATING 




UNIT 


MIN 


TYP. 


MAX 


VlH 


Input High Voltage 




VDDxO . 7 


VDDx0.55 


VDD 


V 


VIHS 


Input High Voltage (Schmitt) 




VDDxO. 85 


VDDx0.75 


VDD 


VlHC 


Input High Voltage (XIN input) 




WbDx0.75 


- 


VDD 


VIL 


Input Low Voltage 







VDDxO. 45 


VDDxO . 3 


VILS 


Input Low Voltage (Schmitt) 







VDDx0.35 


VDDxO .15 


VILC 


Input Low Voltage (XIN input) 




- 


- 


VDDxO .25 


I w 


Input High Current 


VDD=6V. Vin=6V 






20 


PA 


III 


Input Low Current 


VDD=6V, VlN=0V 






-20 


tan 


Input Resistance (PI5) 


VDD=5V 


75 


150 


350 


K« 




Output High Voltage 


VDD=5V, Output Open 


4.7 


4.9 




V 


Vol 


Output Low Voltage 




0.1 


0.3 


I OH 


Output High Current 


VDD=4.5V,VOH=2.4V 


-0.7 






mA 


TOHl 


Output High Current 


(P06) 


VDD=4.5V,V0H=2.5V 


-1 






(PO5.P10) 


VDD=4.5V,V0H=2.5V 


-7 






IOL 


Output Low Current 


VDD=4.5V,VOL=0.45V 


1.6 






ILO 


Output Leak Current 
(P05. POfi. P10) 


VDD=6V, V0UT=-26V 






-20 


uA 


IDDO 


VDD Supply Current in Normal 
Operation (fx= 400kHz) 


VDD=6V,ViN=5.9V/0.1V 

(all valid) 
PI5 Open CL=50pF 
Output Open 




400 


1200 


uA 


IDDH 


Vdd Supply Current in Hold 
Operation (fx= 400kHz) 




150 


450 



Note 1 
2 
3 



Typical values are at Ta=25°C and V DD =5V. 
Output characteristic excludes Xqut terminal. 

Xjn input waveform at the time of measuring Vdd supply current. 




; duty = 50% 
; tr, tf < 50 ns 



AC CHARACTERISTICS (Ta - -20 to +70°C, V DD = 4 to 6V) 



SYMBOL 


PARAMETER 


TESTCONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tWXIN 


XlN Pulse Width 


External Input 

VlN=VlHC/VlLC 


0.4/fx 




0.6/f x 


SEC 


tWRESET 


RESET Pulse Width 


VlN=VlHS/VlLS 


■ 2 tcy 






uS 


tWINT 


INT Pulse Width 


2, tcy 






CWPI60 


PI60 Pulse Width 


2 tcy 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TCP4621AP 



INTERFACE OF FLUORESCENT DIAPLAY TUBE 
VDD=5V 




INTERFACE WITH PMOS 



V D D 



TCP4621AP 



T 



P050 



P054 



V S S 



PMOS 



DD 
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C^-MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 



GENERAL DESCRIPTION 

The TCP4632BF is a C 2 MOS 4-bit single-chip microcomputer capable of 
directly driving liquid crystal display provided with 1/3 or 1/4 duty, and 
is most suitable for use in a wide range of application fields, such as a 
system requiring low power dissipation. 

The TCP4632BF contains the controller and driver for driving the liquid 
crystal display (hereinafter referred to as LCD) to the TCP4630AP. For the 
use and study of this device, refer to the technical data for the TCP4630AP 
in addition to this technical data. 

FEATURES 

o C 2 MOS 4-bit single-chip microcomputer of low power dissipation 
o Memory capacity 

Program region (ROM) 3072 words x 8-bit 

Data region ( RAM) 160 words x 4-bit (including RAM for display) 

o Instruction execution time: 10 ps (400kHz ceramic oscillator/IFT) 

o 52 instructions 

o Built-in LCD controller 

1/3 or 1/4 duty (designated by mask options) 

o Built-in LCD direct driver 

Common output 4 pins 

Segment output 24 pins 

o Input/Output port 

I/O port 1 x 4-bit (I/O can be switched by programs.) 

1 x 4-bit (I/O can be designated by mask options.) 

1 x 4-bit (I/O can be designated by mask options.) 
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Output port 3 x 4-bit (General purpose output port) 

Input port 1 x 4-bit (Pull-up/Pull-down resistor with input 

resistance can be selected.) 

1 x 4-bit 

o External power supply is available for LCD (Vt,cd) 

o Built-in display decoder (Can be designated by mask oprions with 

decoder data. ) 

o Blanking operation 

o Hold operation (LCD can be displayed during hold opera:ion.) 
o Power-down mode (Display blanking) 
o 67-pin plastic package 
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BLOCK DIAGRAM 



PI53 to 
PI50 



P C 



IBUS 




Register #0 



Register #1 



Register 112 



Register /M 



Shift Register 
24b x 4 



LCD Timing 
Control 



03 Tfc/S Reg ister 



r ~ 












DISP 


SCAN 


\ 


— 







COM 
Cir- 
cuit 



P03 

to p n 



Pi3 
to Pm 

P23 
to P2D 

P43 
to P 40 



-- V LCD 

Z^SegO 

to Seg23 



COMo 
to COM3 



Register #5 



SCAN 



Register //6 



Driver 



Timing Pulse 
Shaping 



TG 



Clock 
Divider 



4-1 



osc 



P050 

' to PO53 

PO60 
to P0 6 3 



^60 



-CK 



XlN 
— t-X UT 



in CO 
a a 
>. u 
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TCP4632BF 



PIN CONNECTIONS (Top View) 



n « i-f o 3j a) I- . tj ^ .i — 5 



/0 tj 3 
'060 
■'0 51 

ros* 
l'0 5.< 
JO lie 
' DD 



•Ten 

3NIJ 



5*63 Efc61a>4t*4u474d 45 44464! 4i 40 * ,«J7 36o5o4 3> 



SK04 
SE03 
SEdi 
SEOi 
SE00 



=3 P4? 

F*S4 
P41 
P40 

PH3 




PIN NAMES/PIN DESCRIPTION 



Pin Name 


Input/ 
Output 


TCP4620AP/30AP 


TCP4632BF 


No. of 
pins 


Function 


No. of 
pins 


Function 


TEST 


Input 


1 


LSI test input (always 
kept set at 0.) 


1 


LSI test input (always 
kept set at 0.) 


XlN 


Input 


1 


Oscillator connecting 
terminal 


1 


Oscillator connecting 
terminal 


XOUT 


Output 


1 


Oscillator connecting 
terminal 


1 


Oscillator connecting 
terminal 


PI 5 


Input 


4 


General purpose input 
port 


4 


General purpose input 
port 


RESET 


Input 


1 


Reset input 


1 


R^set input 


INT 


Input 


1 


Interrupt input 


1 


Iiterrupt input 


PI6 


Input 


1 


General purpose input 


1 


General purpose input 
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Pin Name 


Input/ 
Output 


TCP4620AP/30AP 


TCP4632BF 


No . of 
pins 


Function 


No . f 
pins 


Function 


PO 


I/O 


4 


I/O port 


4 


I/O port 


Pi 


Output 


4 


f^pnP ral nnrnncp nnt~nnt~ 
utllt idi JJilljjLJot: u Li L p Li I 

port 


4 


npnPi*a1 n 1 1 tti ncf ntitnnf 

UCllCiai. JJ LJ I. p 3 C: L' U L |J U L 

port 


P 2 


Input/ 
Output 


4 


General purpose input/ 
output port 


4 


General purpose input/ 
output port 


p 4 


Input/ 
Output 


4 


General purpose input/ 
output port 


4 


General purpose input/ 
output port 


VDD 




1 


Power supply 


2 


Power supply 


SEGn-^o i 


Output 


» 




24 


LCD segment driver out- 
put 


P06 


Output 


4 


PLA output port 


4 


General purpose output 
port 


PO7 


Output 


4 


PLA output port 






PO5 


Output 


5 


Decode matrix output 
port 


4 


General purpose output 
port 


COMo^3 








4 


LCD common driver output 


V LCD 








1 


LCD external power sup- 
ply terminal 


GND 




1 


GND 


1 


GND 


CK 


Output 


1 


External 'timing output 


1 


External timing output 
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CONFIGURATION OF PORT AND REGISTER 



Name 


Sym- 
bol 


Pin Name 


Reg. 
No. 


Function 


Remarks 


I/O Port 


Po 


p 03 to p 00 





I/O Port 


I/O switching is controlled by D flag 
of ST. 

This port can be designated as a 
dedicated output port by mask options. 


Output 
Port 


P, 


P 13 to P 10 


1 


Output 
Port 


General purpose uutput port. 
The contents of register can be re- 
ferred to by a program. 


Input/ 
Output 
Port 


P 2 


P 23 to P 20 


2 


Input/ 
Output 
Port 


Input/output can be designated by mask 
options. The contents of register can 
be referred to by a program. 


Command 
Register 


c/s 




3 


Command 
Register 


LCD display is controlled by a 2-bit 
register. The contents of register 
can be referred :o by a program. 


Input/ 
Output 
Port 


p* 


P43 to r 40 


4 


Input/ 
Output 
Port 


Input/output can be designated by mask 
options. The contents of register can 
be referred to by a program. 


Port 


Pis 


PI53 to PI 5o 


5 


Port 


General purpose i nput port with 150kfl 
(TYP . ) resistance:. Pull-up/Pull-down 
designation can lie made by mask options. 


n,i *- nil t- 
UULpU L 

Port 


P0 5 


PO53 to PO50 


Ol if nnf 

uucpu L 
Port 


General purpose output port. 
The contents of register can not bo re- 
ferred to by a program. 


Input 
Port 


PI* 


FT eo 


6 


Input 
Port 


1-bit general purpose input port. 
(Built-in Schmitt circuit). 


Output 
Port 


P0 6 


P0 63 to ?0 60 


Output- 
Port 


General purpose cutput port. 

The contents of register can not be 

referred to by a program. 


PLA 


PLA 




7 


PLA 


PLA . PLA can be used as a display data 
decoder or a data decoder. The contents 
of decode is designated by mask options. 
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Note 



The asterisk (*) indicates the points of difference between TCP 



4620AP/TCP4630AP and this device. 

(a) Neither command register nor PLA (available for reference by a 
program) is contained in the TCP4620AP/TCP4630AP. 

(b) Since POs and P0 6 contain neither decode matrix nor PLA, the 
number of output pins of each port is 4. 

(c) Care should be taken to the fact that P., P 2 , P,., P0 5 and P0 6 of 
this device are different from those of TCP4620AP/TCP4630AP in 
electrical characteristics. 

LCD CONTROLLER/ DRIVER 

The TCP4632BF contains a driver circuit capable of directly, dynam- 
ically driving the LCD provided with 1/3 or 1/4 duty by the 1/3 bias method. 

LCD connection terminals amount to 29 in total as follows: 



The display ability makes it possible directly to drive the following 
LCDs according to the number of time divisions : 

(a) 1/4 duty (1/3 bias) LCD 

Max. 96 segments (12 digits x 8 segments) 

(b) 1/3 duty (1/3 bias) LCD 

Max. 72 segments (8 digits x 9 segments) 



Common driver output (COMO to COM3) 
Segment driver output (SEGO to SEG23) 
V LCD terminal as LCD driving power terminal 



24 



4 



1 
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BLOCK DIAGRAM OF LCD DRIVE CONTROLLER 

SEGO SEG23 



5L 




5 



COMO 



• COM3 



Segment latch & driver 



Shift Register 



99 



Common control 
& driver 



Timing 
Control 



SCAN 



DISP 



Command; Register 
3:21 1 ! 



LCD Power 
& bias 
control 



VLCD 



Clock 



IBUS 



CONTROL OF DRIVE CIRCUIT 



The operation of LCD drive circuit is controlled by the contents of 
register. The command register is a 2-bit register and is accessed 
as register No. '3'. Both of two bits are reset to "0" by an initialize 
operation. 



Command 
Register 
.Regster. 
V No. 3 ; 



MSB 

3 



LSB 
2 10 



DISP 



SCAN 



Control of Display/Display Data Rewrite 



0: Rewritable status of display data (The use of 

P06 is irhibited.) 
1: Display status of display data (The use of P06 

is permitted) 



Control of Dispaly 



0: Establishment of blanking status or blank- 
ing status 

1: Release of blanking status or display status 



Undefined Bit 



In case of reference by program, data is un- 
defined. 



208 



TOSHIBA CORPORATION 



m 





INTEGRATED CIRCUIT 



TECHNICAL DATA 



TCP4632BF 




DISPLAY OPERATION 



SETUP OF DISPLAY DATA 



The TCP4632BF internal processing data corresponds to LCD drive terminal 
in such a way as bit 0, bit 1, bit 2 and bit 3 of the processing data cor- 
respond to each segment data of COM0 , COM1 , COM2, and COM3, respectively. 



The conversion of LCD display data is arbitrarily set up by a program or 
by a built-in PLA register (setup of the contents by mask options). 

TRANSFER OF DISPLAY DATA 

LCD display data setup by a program or PLA register is displayed by 
transferring it to the shift register of LCD driver by the program. 

The transfer method is divided into two categories: one is that the 
converted data is transferred as it is, and another is that a displaying 
data region set up in the data memory (RAM) is transferred after it has been 
once stored. Even by either method, each bit of LCD segment (dot) and 
TCPA632BF internal processing data corresponds to each other by one to one. 



MSB 

3 



2 



1 



LSB 




Corresponds to segment data of COMo 

Corresponds to segment data of COMi 

Corresponds to segment data of COM2 

Corresponds to segment data of COM3 
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\Bit MSB 
Addres^v 3 



A_ A, A. 



22 
23 



LSB 




(SEG ) 
(SEGi) 

(SEG2) 
(SEG3) 



(SEG22) 
(SEG23) 



(COM3) (COM2) (COMD(COMO) 
In case data memory is provided with display region 



\Bit MSB LSB 
Register^ 3 2 10 

(SEGi) 

(COM3) (COM2) (COM1) (COMO) ( . = Q to 2J) 
In case processing data intact is transferred 

Each bit of display data expresses data of segment (dot) equivalent 
to (SEGi COMj : Oii <23, 0<j <3). When the data displays "1", the display 
lights. In case of the use of LCD with 1/3 futy (COMO to COM2), 
the data of bit 3 (MSB) has no meaning as a LCD display data. 
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Transfer and rewrite of display data is made by a program as follows: 

First, clear SCAN bit to '0'. (Immediately after initialization, the 
bit is at '0'.) Next, transfer 4-bit data equivalent to SEG. 23 to 
Register No. 6 (SAR 6), and then transfer 4-bit data equivalent to 
SEG 22. Continuously transfer 4-bit data in sequence by programs 
until the transfer of data equivalent to SEG. is comleted. 

This operation sllows 4x24-bit data to be written into the shift 
register within LCD drive circuit. After the data transfer of 24 
words. has been finished, SCAN bit is set to '1'. When SCAN bit goes 
to 'I 1 , writing into the shift register is inhibited, and LCD begins to 
be driven by the data newly held. Data switching is made from COMj to 
come next (data output equivalent to bit j to SEGi) and is automat- 
ically scanned to the next COMj+1. 




In the case that the period (period of SCAN = 0) of 24-word data transfer 
by means of a program is within the one COM period (l/4fF), the blank period 
does not come into the transfer period, and the display contents are 
switched. However, in the case that the period (period of SCAN = 0) of 24- 
word data transfer by means of a program crosses switching of COM (this 
phenomenon presents by timing of data transfer period or it presents 
when the data transfer period becomes longer than one COM period), no 
correct display data is secured during the period; thus, a blank is 
automatically inserted in the period. 

When the display data is transferred to a shift register equivalent to 
Register No. 6 during the period of SCAN = 0, all of 24 words must be 
transferred to the shift register. However, if SEG0 to SEGk-1 outputs 
only, not all of SEG0 % SEG23 outputs, are used, k word only can be 
transferred. 
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In case of SCAN = 0, write in Register No. 6 (SAR = 6) means write 

in the shift register as a display data. In case of SCAN = 1, however, 

it means write in output port POfc . 



§ ^ 

\^\J — ^ — TJ 

— l, — e — L 



VDD 
COM0 

VLCD 

vdd 

C0M1 
V LCD 

vdd 

COM2 
VLCD 

vdd 

COM3 
VLCD 



SCAN 

h Display Status - 



Transfer of Display Data 

As the display data transfer period is short, it does not come in the 
blanking period. 
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VDD 



COMO 



VLCD 



v D d 

COM1 
V LCD 



COM2 

V LCD 

V DD 
COM3 

VLCD 



^ \ r 



SCAN 



IT 



-t- ■+• 

Display Status Diaplay data Transfer Display Status 



Blanking 



As the display data transfer period is long, it comes in the 
blanking period. 
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LCD FRAME FREQUENCY 

Frame frequency (LCD drive frequency) is given by the built-in devider. 
The frame frequency fp is given from internal clock frequency f cp by the 
following formula: 

f F = f CP x — -T- 

2 m x n 

Where, m is the number of divider stages. When fx = 400 kH: and f = 200 kHz, 
m is set to 9. n is the number of time division. Therefore, 

In case of 1/3 duty fp . = 130 Hz 

In case of 1/4 duty f F % 98 Hz 

The period equivalent to one COM is 



2m 

fcp 



therefore, when m = 9, the period is equivalent to 256 steps. 



LCD DRIVE WAVEFORM 

TCP4632BF is capable of directly, dynamically driving rhe'LCD provided 
with 1/3 or 1/4 duty by 1/3 bias method. 

In case of ]/3 or 1/4 duty, the voltage applied to LCI is + (V DD - V LCD ) 
to -(V D D - v L cd)- 
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— ;v D d-vlcd) 



tFLfbr 



-1 Vdd-Vlcd) 



- Data 0- 



1/t duty (1/3 bias) drive 
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-1/fF-H 



Data 1 



- Data 



(VDD-VLCD) 



(Vdd-vlcd) 



1/? duty (1/3 bias) drive 



(Note) fp : LCD frame frequency 

VLCD : VLCD terminal voltage 
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Each terminal waveform in case of displaying data "3" at 1/i duty is 
follows : 



Data of COMo 
Data of COMi 
Data of COM2 
Data of COM3 

Data of reversed polarity 



1 e 1 f 

VDD 1 1 



1 

vlcd-" 

( 

VDD " 



111 



SEGi 



COMq 



VLCD^ 
VDD " 



V LCD u 
VDD - 

COM! 

VLCD- 
VDD 



C0M 2 



COM3 



Vlcd - 1 — 1 

VDD t 



Vlcd- 



Lr 




COM 3 
COM2 



COM, 



SEGq 



SEGi 



3 


2 


1 







a 

1 


f 







d 

1 


SEGo 


b 

1 




c 

1 


h 




SEGi 



-1/fF 
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The voltage between each SEG - COM is as follows: 
VDD-VLCD - 



SEG -COM3-i- 
(Segment a)| 
ON I 
-(VDD- v LCD)i 



SEGJ-C0M3 - 
(Segment b) 
ON 



SEG -COM2-i- 
(Segment tY 
OFF 



SEG1-COM2 - 
(Segment g) 
ON 



SEGq-COM!. 



OFF 













p 

1 


i 













SEGi-COM! - 
(Segment c) . 

ON 



SEGg-COMg. 
(Segment d)l 



SEGi- COM0- 
(Segment h) • 
OFF 
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LCD DRIVE VOLTAGE 



V LCD is an input terminal of LCD driving power. LCD drive voltage 
is required to be supplied between Vdd - VlCD- 

If the operation voltage of the TCP4632BF is identical with the 
LCD drive voltage, Vt,cd is connected to GND. 

The supply of drive voltage generated by LCD drive circuit is con- 
trolled within this device according to the operating status of CPU. 
In the following cases that there is a possibility of keeping 'LCD drive 
circuit stationary for a long period of time, the supply of LCD drive 
voltage is cut with the built-in switch. 

(I) Initialize operation 

© SCAN = and H = 1 



LCD 
Drive 
Voltage 
Circuit 



:v DD h 



] V LCD 



]GND 



The switch turned off by initialize operation is turned on by sett- 
ing the SCAN bit of command register to T, thus resulting in the sup- 
ply of LCD drive voltage. After that, even if the SCAN bit of command 

register is reset to '0', LCD drive voltage is kept supplied. 

■ 
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7/2 



For performing hold operation, H must be set to '1' in a state of 
SCAN = 1 and at time of normal LCD display because rewrite of display 
data has been already finished. In this case, LCD drive circuit is 
still in operation to continue display. However, while display data is 
being rewritten, if H is set to ' 1 ' at time of SCAN ■ 0, the supply 
of LCD drive voltage is cut. 

When the supply of LCD drive voltage is cut with the built-in switch, 
all of SEG and COM outputs attain V DD lelvel. 



OUTPUT PORT (P05, P06) 

P05 and P06 are 4-bit general purpose output ports. Each port is 
provided with a latch, and its contents are held until they are rewritten 
by a program. Each bit is reset to "0" by initialize operation, but the 
contents being held cannot be referred to by the program. 

The authorization/inhibit of content rewrite by the program of P06 
is controlled by SCAN bit of command register. 



Command register 
SCAN 


Object of content rewrite by 
program 





Output to shift register 
(LCD segment data) 





Output to P06 



Unlike P05 and P06 of TCP4630AP , those of TCP4632BF do not contain 
decode matrix, and PLA; therefore, there is difference between them in 
output timing. 
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0S 



— ~\y 

Port data Old data New data 

Output timing of P05 and POf of TCP4630AP 



Port data Old data V New data 



Output timing of P05 and POf of TCP4632BF 



A program can make reference of PLA by use of a decoder for display 
data or the like. If 4-bit BCD data is written in PLA ^Register No. 7) 
by a program, one of sixteen addresses is selected by 4-t:o-16 decoder 
within PLA, and the corresponding 8-bit data is written in PLA register. 

PLA contents of PLA register can be read out by executing the in- 
struction for making reference of PLA. How to read out 8-bit data of 
PLA register varies with option designation of 1/3 duty or 1/4 duty. 
PLA register is not affected by reset operations. 

(a) Designating 1/4 duty by options 

The 8-bit data can be read out by executing the instruction for 
making reference of PLA register two times. In other words, 4-bit 
(bit 3 to 0) data on the lower level can be read out by the first 
execution of the instruction (LAR 7) for making reference of PLA 
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after BCD data has been written in PLA (SAR 7), and similarly 4-bit 
(bit 7 to 4) data on the higher level can be read out by the second 
execution of the same instruction. 

When the same data is read out again, and when PLA register is required 

to be updated, the reabout must be performed after BCD data has been 
written in the PLA over again. 



Internal bus 




(b) Designating 1/3 duty by options 

The 8-bit data can be read out by executing the instruction for 
making reference of PLA register three times. In other words, 
3-bit (bit 2 to 0) data on the lower level can be read out by the 
first execution of the instruction (LAR 7) for making reference of 
PAL after BCD data has been written in PLA (SAR 7), and similarly 
3-bit (bit 5 to 3) data on the intermediate level can be read out 
by the second execution of the same instruction, and also 2-bit 
(bit 7 to 6) data on the higher level by the third execution of the 
same instruction, respectively. 
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While the reference instruction above mentioned is being executed 

1 bit (bit 3) on MSB side of the lower or intermediate level and 

2 bits (bit 3 and 2) on MSB side of the higher level are always 
read out as zero. When the same data is read out again, and when 
PLA register is required to be updated, the readout is performed 
after BCD data has been written in the PLA over again. 



Internal bus 




Address 



#7 



1 1 1 1 

PLA register 



Muti- 
plexer 



#7 
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LCD DATA TRANSFER PROGRAM - EXAMPLE 

. LR 



HIT 






1 


2 


J 


4 


3 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 










1 

Digit 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12- 
digit 










SEG23 




19 1 17 I IS 1 13 1 11 | 9 


7 


5 


3 


SEG 1 










SEG22 


2°. 


18 


16 


14 


12 


10 


8 


6 


4 


2 


SEG 



Example of a program which the data of HR = 7 and LR = 4 to F 
are displayed on LCD through segment conversion 



LCD: 



1/4 duty, 12 digits (24 Seg.) 



Convert 12 digits of HR - 7 and 
LR=4 to F to segments by PLA to 
transfer toHR=8,9,and LR=4 to F. 







Set the mode to register 3 (C/S 
REG.) REG3 < 2 







Setup of trans- 
fer mode 
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Trnasfer the dispaly data con- 
verted to segments of HR = 8, 
9, and LR=4 to F to LCD driver. 







Set the mode tc 
(C/S REG). 

REG3 


register 3 
*= 3 



Setting of di 
play mode 
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10 


; *** 


TCP4632BF 






20 


! 






0100 




30 




ORG 


100H 


0100 


64 


40 


START: 


LLI 


4 


0101 


77 


50 


NEXT: 


LHI 


7 


0102 


04 


60 




LAM 




0103 


2F 


70 




*3AR 


7 


0104 


78 


80 




LHI 


8 


0105 


17 


90 




LAR 


7 


0106 


OC 


100 




SAM 




0107 


79 


110 




LHI 


9 


0108 


17 


120 




LAR 


7 


0109 


OC 


130 




SAM 




010A 


02 


140 




ICL 




010B 


06 


150 




LAL 




oiec 


90 


160 




AD I 





010D 


DUO 


170 




BCC 


NEXT 


010F 


42 


180 


TRANS: 


LAI 


2 


0110 


2B 


190 




SAR 


3 


0111 


64 


200 




LLI 


4 


0112 


78 


210 


TRANSF: 


LHI 


8 


0113 


04 


220 




LAM 




0114 


2E 


230 




SAR 


6 


0115 


79 


240 




LHI 


9 


0116 


04 


250 




LAM 




0117 


2E 


260 




SAR 


6 


0118 


02 


2 70 




ICL 




0119 


06 


280 




LAL 




011A 


90 


290 




ADI 





011B 


D211 


300 




BCC 


TRAN 


011D 


43 


310 


DISP: 


LAI 


3 


011E 


2B 


320 
330 
340 


> 
J 


SAR 


3 



DISP=1,SCAN=0 SET 



DISP=SCAN=1 SET 



u. 



/_/ 
U. 

_i_ 



SEG SEG! SEG2 SEG3 



EE 



u 
u. 



SEG22 SEG23 



C0M ' 
COM! 
C0M 2 
COM3. 
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TCP4632BF MASK OPTIONS 



Oscillation 
frequency 


S C 


TYP032 




050 
400K 
ceramic 
I FT 


Dividing ratio for 
internal clock 


CP 


02 


External timing output 


CK 


CI 


jlj Divider 1 Input 


PD 


CP 


§ Divider 3 Input 


COUNTER PDR 


PD2 


3 oj Reset timing 


PDR 


N 


i- Buffer Input 


CO 


PI60 


" <u Buffer 1 Input 


COUNTER CI 


RD7 


3 £ Buffer 2 Input 


BUFFER C2 


RDA 


<3 m Buffer 3 Input 


C3 


RDD 


H flag 


HOLD 


H 


Restart condition 


RSTH 


C3 






Input/Out- 

rorc u 

put port 


STD 


n i'PRnr^ 

U \ £i\U\j ) 


1 (OUT) 




Input/Out- Port 2 


P2 


/F/(0UT) 


/F/(0UT) 


/0/(H) 


/0/(IN) 


/0/(IN) 


put port Port 4 


P4 


/F/(OUT) 


/3/ (IN/OUT) 


/F/(0UD 


73/ (IN/OUT) 


/0/(IN) 


Input resistance 
(Input port 5) 




u ) 


1 (DOWN) 




Line 


PLAO 


i i 






Line 1 


PLA1 


i i 




Line 2 


PLA2 


! 1 


Line 3 


PLA3 


1 1 


Line 4 


PLA4 


1 1 


Line 5 


PLA5 


1 1 


Line 6 


PLA6 


1 1 


P L A Line 7 


TLA PLA7 


1 1 


(1171 Line 8 


r L A PLA8 


1 I 


Line 9 


PLA9 


1 1 


Line A 


TLA A 


1 1 


Line B 


PLAB 


/ / 


Line C 


PLAC 


/ / 


Line D 


PLAD 


/ / 


Line E . 


PLAE 


/ / 


Line F 


PLAF 


/ / 


Oscillation Stop 
Control PI60 


RSTX 


N 






LCD Duty 


DUT 


4 


3 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Supply Voltage 


-0.3 to +7.0 


V 


VlN 


Input Voltage 


-0.3 to V D D + 0.3 


V 


v OUT 


Output Voltage 


-0.3 to VDD + 0.3 


V 


PD 


Power Dissipation 


400 


mW 


Tsol 


Soldering Temperature • Time 


260 (10 SEC) 


°C 


Tslg 


Storage Temperature 


-55 to +125 


°C 


Topr 


Operating Temperature 


-20 to +70 


°C 



ALLOWABLE OPERATING CONDITIONS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Supply Voltage 


4 to 6 


V 


Ta 


Ambient Temperature 


-20 to +70 


°C 


lOUT 


Max. Output Current 


±3 


mA 


fx 


X'tal Operating Frequency 


40 to 400 


kHz 


tCY 


Cycle Time 


10 to 100 


us 


VLCD 


LCD Supply Voltage 
(VLCD is with respect to Vpn) 


-V D D to -2.7 


V 
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TCP463;!BF 



DC CHARACTERISTICS (Ta = -20 to +70°c, V DD = 4 to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 



M1N. 


\vio te i ) 
TYP . 


MAX. 


UNIT 


V IH 


Input High Voltage 




\7r\n-.n 7 
V DD> U ■ ' 






VDD 


V 


VlHS 


Tnnnt HlflU rana /'Q.-.Hm-rt-t-'l 
ILipUL n±gll VU-LLdge ^ D(_t L. L ) 




V JJL'2' U • 0_> 




VDD 


VlHC 


Input High Voltage (xtn Input) 




VDD> 0. 75 


- 


VDD 


VlL 


Input Low Voltage 




r 
L 




\]T\r->-.rf\ 1 

\ DD>-u • j 


VlLS 


Input Low Voltage (Schmitt) 




r 

L 






Vtt r 
v ILL 


Input Low Voltage (XXN Input) 








Unnvfl 

V JJJJAU . £. J 


IIH 


Input High Current 


VDD=6V, Vi N =6V 




- 


20 


MA 


IIL 


Input Low Current 


vDD-ov, VIN-OV 


'- 


vh> 


-20 


RlN 


Input Resistance (Pis) 


VDD-5V 


/ 5 


150 


350 




VOH 


Output High Voltage (Port) 


VDD=5V, Output open 


4.7 


4.9 




V 


vol 


Output Low Voltage (Port) 


VDD = 5V, Output open 




0.1 


. 3 


I OH 


Output High Current (P , ) 


VDD=4.5V,VOH=2.4V 


-0.7 






mA 


IOH2 


Output High Current 

(Po,P 2 ,P«,CK) 


VDD=4.5V,VoH=2.4V 


-0.35 


- 


- 


I0H3 


Output High Current (P5,P&) 


VDD=4.5V,V0H=2.4V 


-0. 15 






IOL 


Output Low Current (P,) 


VDD=4.5V,VOL=0.45V 


1.6 


- 


- 


IOL2 


Output Low Current 

(Po,P 2 ,Pi,,CK) 


Vdd=4.5V,V O l=0.45V 


0.8 


_ 


_ 


10L3 


Output Low Current (Ps,P 6 ) 


VDD=4 . 5V , VOL=0 .45V 


0.4 






R OS3, 

Roso 


Output Impedance (SEG) 


VDD=5V , VDD-VLCD=3V 

(Note 5) 
V0UT=VLCD+0.5V/ 

Vnn_n SV 




2 


T.B.D 


kQ 


R OC3, 

Roco 


Output Impedance (COM) 




2 


T.B.D 


R OS2, 
R 0S1 


Output Impedance (SEG) 


VDD=5V,VDD-VLCD=3V 

(Note 5) 
VOUT=3+0.5V/ 

4-0. 5V 




20 


T.B.D 


R OC2, 
R OCl 


Output Impedance (COM) 




20 


T.B.D 


v OSl 
V S2 


Output Intermediate 
Voltage (SEG , COM ) 


VDD=5V,VDD-VLCD=3V 


3 - 0.2 


3 


3 + 0.2 


■ V 


4 - 0.2 


4 


4 + 0.2 


IDDO 


VdD Supply Current in Normal 
Operation 


(Note 4) 

fx = 400 kHz 




600 


T.B.D 


UA 


Tddh 


VDD Supply Current in Hold 
operation 




250 


T.B.D 



1) 

2) 
3) 

4) 



Typical values are at Ta=2 
Output characteristic exel 
Output current at the time 
open . 

Test conditions of current 
VDD=6V, Vin = ViH/ViL(all 
XIN Input waveform 



5°C and VdD=5V. 
udes Xout terminal, 
when other terminals than those to be tested are 



dissipation 

valid) , PI5 Open, CL = 



50pF 



9 0j6 

io% t - 



■'*» 



duty = 50< 
t r , l t < bona 



5) When supplying V LCD power, When switching input/output. 
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TECHNICAL DATA 



"C 2 MOS" DIGITAL INTEGRATED CIRCUIT 

TCP461WC 

SILICON MONOLITHIC 



CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

TCP4600AC is a system development evaluator of TLCS-4l>A family, and 
makes it possible to configure a system equal to TCP4620AP/TCP4630AP by 
program memory (ROM) and the external circuits relative to mask options. 



Since this technical data mainly makes mention of the function of an 
evaluator of TCP4600AC, it is recommended that instruction and detail be 
referred to the technical data of TCP4620AP/TCP4630AP . 

FEATURES 

o External ROM 4K x 8 Max. 
o Internal RAM 160 x 4 
o Single 5V Supply 

Wide Operating Range: 4V to 6V 
o Wide Operating Temperature Range: -10°C to 70°C 
o Terminals for System Debugging 

° External-Circuit Terminal for Realization of all th3 Mask Option 
of TLCS-46A 
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v DD : 
P13C 
p, 

p,»c 

pc, , C 

PC.oC 

pc, c 
pc s 

PC, 
PC* 
PC, 
PC. 
PC/D03 £ 

PC/D0 2 
PC /DO, 
PC/DO„ 

PCH [ 
ST(D) [ 

WEN [ 

P0 ft7 

Mm 

PO„ 
P0.„ C 

po 6 , : 
po„ : 
po 6 , : 

P0 6 „ 

PO,„ L 

po, 

PO, 
PO, 



1 

2 

43 



4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
dl5 
Cl6 

qn 

18 
19 
20 
C21 
[22 
q23 

24 
25 
26 
27 
C28 

£29 
[30 
[31 
[32 



64 


□ P 00 


63 


3 p 


62 


3 p 


61 


3 P 03 


60 


1 RD/DI 


59 


~\ on/nT 

-* t\U / U I 1 


58 


1 Rn/ni 


57 


3 RD/DI3 


56 


3 RDt, 


55 


3 RD, 


54 


3 RD 6 


53 


3 rd 7 


52 


3 r/h 


51 


3 INTH 


50 


3 MH 


49 


3 RS 


48 


3 selT 


47 


3 SEL, 


46 


3 SELT 


45 


3 SEL, 


44 


3 SEU 


43 


] SEL 7 


42 


3 INT 


41 


3 RESET 


40 


3 95 


39 


3 


38 


3 cp 


37 


3 ST(H) 


36 


3 HOLD 


35 


3 RSTH 


34 


3 P0 50 


33 


3 GND 



o 
o 



o 





X 
Z 

n 
> 
i— 

o 
> 



>i 

s 



n 
XT 

o 
o 

n 
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PIN NAMES & PIN DESCRIPTION 



Pin Name 


Input/Output 


Function 


P oa - P qo 


Input/Output 


4-bit general purpose I/O port 

State of input/output is designated by WEN 

terminal input. (common to TLCS-46A family) 




Output 


4-bit general purpose output port 
(common to TLCS-46A family) 


PO. - PO 

3 5 O 


Output 


5-digit output port for display Content of 
built-in decode matrix is already designated 
(common to TLCS-46A family) 


po, 7 - po ,. 


Output 


8-segment output port for display Built-in 
PLA is already designated 
(common to TLCS-46A family) 


RESET 


Input 


Initialize Signal Input (without Schmitt cir- 
cuit) (common to TLCS-46A family) 


INT 


Input 


Interrupt request signal inDut (without 
Schmitt circuit) 
(common to TLCS-46A family) 


PC, ,- PC 


Output 


The higher order 8-bit address output to 
external ROM 


PC/D0 3 - 
PC/D0 o 


Output 


The lower order 4-bit address output to 
external ROM/Port data outpi t 


RD 7 - RD 


Input 


The higher order 4-bit data in out from external ROM 


rd/di 3 - 

RD/D1 


Input 


The lower order 4-bit data input from external 
ROM/ Input port 


SEL7 - 
SEU 


Output 


Selection signal output for external port 
register and input port 
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TCP4600AC 



Pin Name 


Input/Output 


Function 


WEH 


Input 


Designate signal input for Input/Output of 
port 


HOLD 


Input 


Hold operation control signal input 


RSTH 


Input 


Restart control signal input at time of 
hold operation 


ST(D) 


Output 


D flag output 


ST(H) 


Output 


H flag output 


CP 


Input 


Internal basic clock input 




Output 


Basic timing output 


RS 


Output 


Internal reset signal output 


MH 


Inpu t 


Monitor hold control signal input 
(for system debug) 


R/H 


Output 


— 

Run/Hold status signal output 

(for system debug) 


PCH 


Input 


Program counter hold control signal input 
(for system debug) 


INTH 


Input 


Interrupt hold control signal input 
(for system debug) 


VDD 




Power supply 


GND 




GND 
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TECHNICAL DATA 



TCP46U0AC 



BLOCK DIAGRAM 



PC/DO3 
-PC/DOfj 



PCH 



PCn-P0 4 <^- 



RD7 -RD,. Z 
RD/DI3 1 
•RD/DIo 



SEL 7 
• SEL 2 



I R 



7T 



ST(D) 
ST(H) 



-f I D E C \ 



IBUS 



5 Register #0 



31 



ALU 



2 



HR 

1 I 
I I 



L --i r-j 
v 



RAM 
160" x 4b 



) Register #1 



3 



*5ecode 



RS 



T G 




7P03- 



WEN 



l)Pi3-Pi< 



^Re !; ister #5 PO, ,.- PQ„ 



^ JLA ^ Register »6 ) p0 6 7- d 6 



I I NTH 



I MH 



-CP 
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TECHNICAL DATA 



FUNCTIONAL DESCRIPTION 

TCP4600AC is a system development evaluator which is used for 
developing TLCS-46A application system (program) and for confirming its 
operation. This makes it possible to form a configuration equal to 
TCP4620AP/TCP4630AP by program memory (hereinafter called ROM) and the 
external circuits relative to mask options. 



1. 



Connection of Program Memory 

Program counter (PC, 12 bits) output is used as address signal of ex- 
ternal ROM (maximum capacity is 4096 words x 8 bits) . Since the lower 
order 4 bits of address signal is multiplexed with the output of port 
data, it is necessary that they are externally separated. 

The data (8 bits) read out of ROM is read as instruction code in 
TCP4600AC. At this time, the data line of the lower order 4 bits 
is also used as port input data, so that it is necessary that data 
line is externally multiplexed. 



* j \ r 



PC11-PC4 PCn - PC4 (Address A) )( (Address B) 

-PC/D00 )^ (PC3-PC (Address A) ) < ^\^(write Data ) (\^ ( (Address B) 

RD7 -RD4 x \\\\\\\\^^^^ 
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2. Schmitt Circuit 

Each terminal of RESET , INT, and PI60 of TCP4620AP/TC4630AP are input 
terminals with Schmitt circuit. However, since no Scimitt circuit is 
contained in TCP4600AC , the circuit must be externally configured. 

It is necessary to add shift register for timing shaping to PI D o 
terminal . 



RESET Input 

— O- 
INT Input 



(To evaluator) 



RESET/INT 



Schmitt Circuit 



PI60 



Schmitt Circuit 





u 




0) 

4J 




00 


•H 


■H 

00 — 




<y q 



-C OC— 











0- 




<+-i CO 

x: oo 



PI 60 <a) 



CP 



CP 



CP 



3. Oscillator and Divider 

The mask options, which relate to the oscillator and divider of 
TCP4620AP/TCP4630AP, differ according to an oscillato- to be used. For 
TCP4600AP these mask options are composed of external circuits. 
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TCP4600AC 



(1) Oscillator 

The basic clock (CP) of TCP4600AC is externally supplied. 
In this case, the divider forming the basic clock as well as 
the oscillation circuits of the oscillator to be used are 
externally composed, and the output of a divider suitable for 
oscillation frequency is supplied, as a basic clock, to the 
CP terminal of TCP4600AC. 

Since TCP4600AC is not provided with the CK terminal for external 
timing, a signal equivalent to the CK terminal must be also com- 
posed of external circuit. 

While the power is being supplied to the evaluator chip, the 
clock must be being supplied to the CP terminal at all times. 



Input 



X IN O 



Output 
x OUT O 




CP (to evaluator) 



-O CK Output 



(Note) " " means that either is connected. 

(So with the following figures.) 
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(2) Divider 

An example of cricuit configuration around a divider is shown as follows: 



CP 



Divider 
(1) 

2 stages 



-C G Q 
D 





Divider (2) 


Reset 


CLOCK 


14 stages 





>i >c 



It 




Identity Detec- 
tion Circuit 



Input 
PI«o o— 



Schmitt Circuit 





U 




OJ 




m 


•H 


■H 


49 


00 _ 







0) 

D " «-> 

•H iH 

.n oil 



D J- " Q 

-H -H 



CP 



CP 



C? 



Co 



Coun ter 
Buffer 
Input 
Data 



The portion of is required only when 100K Xtal is designated 

by mask optionsof mass production chip, and further 14-stage divider 
(2) is used as a resettable divider of count value "12500". 
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4. Input Port and Output Port 

The input port and output port in TCP4620AP/TCP4630AP have plentiful 
mask options. In TCP4600AC, such mask options are composed of 
external circuits. 

(1) Input port 

The data of input port is input from RD/DI terminal. 

When the data of input port (port No. i) is input to RD/DI 

terminal during the period of time when the equation, 

SELi ■ 0s = 1 (i : port No.l, 
holds, TCP4600AC starts reading it as input port data. 

(2) Output port 

The data of output port is output from PC/DO terminal. 
Since TCP4600AC outputs the data of output port (port No. i) 
from PC/DO terminal during the period of time when the equation, 

SELJ -0=1 (i : port No. ) , 
hold, this data is written in the externally installed register." 
Further, since at time of system reset an internal initialize 
signal is output from RS terminal, it is necessary to clear 
(all "0") the port register by use of this signal and to ini- 
tialize it. 

^ r -\ / \ — 

* j w v_/ 

/ 



SELi 



SELj 
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(3) Pore 

Prot is a port that can make switching of input/output by 
program (D flag of ST), and can be designated to a port ex- 
clusively used for output by mask options. 

In TCP4600AC, the mask option of this port can be realized by 
use of each terminal of WEN and ST(D) . 

WEN terminal is an input line that defines whethe - port is 
placed in an output mode or an input mode. When the 
terminal is at "1" level, it places port in an output mode 
and when it is at "0" level, it places port in £in input 
mode . 

A state of D flag of status register is output from ST (D) 
terminal . 

o When input and output are switched by use of program, 
WEN = ST(D) 

WEN terminal is externally connected to ST(D) 
terminal . 

o When port is used as port exclusivelly for output, 
WEN = "1" 

WEN terminal is fixed to "1" level. 

(4) Port 2 and Port 4 

Port 2 and Port 4 are input/output selectable ports by use of 
mask options. 

When these ports are used as input ports, the external input 
data is input to RD/DI terminal during the period when each of 
the following equations holds: SEL2 • S = 1 and SEL4 ■ S = 1. 
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On the other hand, when these prots are used as output ports, 
output data are output to PC/DO terminal during the period when 
each of the following equations holds: 

SEL2 -0 = 1 and SEU, -0=1. 
Therfore, this data is writtenin the register externally 
installed, and is output to the outside through a buffer. 
And, at the time when the equations, such as SEL2 • 0s = 1 and 
SEL4 • S = 1, hold, the outputs of respective registers are 
input to RD/DI terminal. The externally installed register must 
be cleared (all "0") by the internal initialize signal from RS . 
terminal. 




Output data 
of each unit 



05 ~ A / \ i \ 

J J V_J W 

SEL2 \ A / 

A \\\\\\\C^1\\\\\\\\\\\\\\ 



Register 



External 
Output 
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(5) Port 3 

Port 3 is I/O port exclusively used for TCP4600AC. The function 
of port 3 is the sane as the function of other ports. 
This port is designated as register No. "3" even in case where 
it is used as either of input port or output port. 



(6) Output port 5 and output port 6 (output port 7) 

For TCP4600AC, each output terminal of PO5 and PO5 is available 
as output for display. However, when it is used as general 
output port or when it is used after changing the contents of 
decode matrix or PLA, it is configured by externa:, circuit. 



The contents of decode matrix and PLA built in TC '4600AC are 
as follows: 



Contents of Decode Matrix 



Write Data 


F-6 


5 


4 


3 


2 


1 







PO54 





1 



















P0 53 








1 














4-) 

3 
G. 


P0 52 











1 











& 
3 
O 


P0 51 














1 










P050 

















1 
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PLA 

PLA can be expressed as memory of 16 words x 8 bits. 
The 4-bit write data for port 6 is the address of PLA, and the 8-bit 
data read out from PLA comes to the output data of the output port. 
When the data of 8 bits output at this time is expressed by hexadecimal 
2 digits, PLA built-in TCP4600AC is as follows: 



Address 


Data 


Form of 




Character 





FC 


D 


1 


60 


1 


2 


DA 


E 


3 


F2 


3 


4 


66 


H 


5 


B6 


5 


6 


BE 


E 


7 


E4 


n 


• 8 


FE 





9 


F6 


<R 


A 


FD 


D. 


B 


00 


(Blank) 


C 


02 




D 


CE 


P 


E 


9E 


E 


F ' 


8E 


F 



a(P06 7 ) 
f (P0« 2 ) f] /7b(P0 66 ) 



e(P0„) 







c(P0 65 ) 



d(P0 6 „) DP 

(POeo) 
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When the built-in decode matrix and PLA are used changing their 
contents or are used as general output ports, they aie externally 
configured by use of data output PC/DO, select signals SEL5 , SEL6 
and SEL7 and timing signal 0. 



RS 
PC/DO 

SEL 5 



SEL ; 
SEL« 



Decode 
Matrix 



3l> 



D CR Q 



Memory 
(PLA) 



3Z> 
33 



CR 
D Q 



CR 

d q 







- External Out- 
put Data (P0 5 ) 



External Out- 
put Data 
(PO6H/PO7) 



^External Out- 
put Data 
(P06L/P0 6 ) 



1 / V 

7 N r 



SELi " A I 

(1=5,6,7) \ / 



External Output ^ \ 

Output Timing of PO5 , P06 (P0 7 ) 
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5. Hold Operation 

TCP4620AP/TCP4630AP is provided with hold function. In TCP4600AC, 
this function is configured by each terminal of HOLD, RSTH and 
ST(H), and the siganl of C3 which is MSB of counter buffer input 
configured by external circuits. (For C3, refer to the figure of 
divider.) 

In case hold operation is performed: 

HOLD = ST(H) : Designation of hold operation application 

RSTH = C3 : Designation of hold operation release signal 

Each terminal of HOLD and ST(H) is externally connected. 
C3 signal that is MSB of counter buffer is input to RSTH 
terminal. 

In case hold operation is not performed: 

HOLD = "0" : Designation of no use of hold operation 

RSTH = "0" : Designation of no use of hold operation 

Each terminal of HOLD and RSTH is fixed to the 
level. 

CONTROL TERMINALS FOR DEBUG 

There are some functions and terminals to make easy the development 
of TLCS-46A application system (program). 

(1) MH terminal (Monitor hold control input) 

Monitor hold function stops the operation of TCP4600AC by unit of 
execution instruction. 
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the operation stops after completion of current excecution instruction 
by inputting "1" level into MH terminal. However, during "1" period of 
Y register flag (EYR = 1), the operation does not stop. When the system 
enters into the interrupt service routine, if stop request is made, the 
system stops after having jumped to the interrupt service routine. 

In the stop state, program counter output the next address. Restart 
is made by inputting "0" level into MH terminal, and the first cycle 
makes instruction fetch and at the same time executes NOP instruction 
internally . 

(2) R/H terminal (Run/Hold status output) 

Run/Hold monitor function is the response singnal of monitor hold func- 
tion. During stop of operation by monitor hold function,")" level is 
output from R/H terminal (which is reset by the instruction cycle just 
short of stopping by MH signal) , and during normal operation "1" level 
is output from R/H terminal. 

(3) PCH terminal (Program counter hold control input) 

Program counter hold function holds the previous state without updating 
the value of program counter. This function is operated by inputting 
"1" level into PCH terminal. 

(4) INTH terminal (Interupt hold .control input) 

Interrupt hold function is a function to make interrupt request waiting. 
Even if interrupt latch is set by inputting "1" level into INTH terminal, 
jump to interrupt routine is not performed. In this case, interrupt 
request is kept waiting until "0" level is input into INTH terminal. 
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ELECTRICAL CHARACTERISTICS 



SYMBOL 


ITEM 


RATING 


V D D 


Supply Voltage 


-0.3V to +7.0V 


V IN 


Input Voltage 


-0.3V to V DD +0.3V 


v OUT 


Output Volatage 


-0.3V to V DD +0.3V 


P D 


Power Dissipation 


600 mW 


T sol 


Soldering Temperature & Time 


260°C (10 SEC) 


T stg 


Storage Temperature 


-55°C to +125°C 


T 

x opr 


Operating Temperature 


-10°C to +70°C 



ALLOWABLE OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


RATING 


T a 


Ambient Temperature 


-10°C to +70°C 


^_ Zdd 


Supply Voltage 


4V to 6V 


'OH 

vol 


Output High Voltage 


Min. V DD -3.5V(>1.5V) 


Output Low Voltage 


Max. 3V 


fcp 


Basic Clock Frequency 


20KHz to 200KHz 



DC CHARACTERISTICS (Ta=-10°C to 70°C, Vdd' 4v to 6V > 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP. 
(NPtel) 


MAX. 


UNIT 


VlH 


Input High Voltage 




V DD x .7 


V DD x0-55 


V D D 




V IL 


Input Low Voltage 







V DD x0.45 


V DC x0.3 


V 


I*H 


Input High Current 


V DD =6V, V IN =6V 






20 


yA 




*IE 


Input Low Current 


V DD =6V, V IN =0V 






-20 


V OH 


Output High Voltage 


V DD =5V , Output Open 


4.7 


4.9 




V 


vol 


Output Low Voltage 




0.1 


J 


i oh 


Output High Current 


V DD =4.5V, 


-0, 


-2 






IOHI 


Output High Current 


V OH =2.4V 


-2.5 


-6 






(P05, P06) 


V D D=5V, V OH =4.2V 


-1.1 


-2.5 




mA 


iol 


Output Low Current 


V D d=4.5V, V OL =0.45V 


1.6 


4 






TOLl 


Output Low Current 
TP05. P06) 


3.2 


8 






I DDO 


VDD, Supply Current in 

Normal Operation 
v nn,. s ¥BP 1 y Current in 
DD Hola Operation 


V DD =6V, fcp=100KHz 




150 


450 


uA 


X DDH 


Output Open 
Vin='55vAUV (Note 2) 


- | 40 


120 



Notel: 



Typical values are at Ta=25°C and V DD =5V. 
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Note 2: CP input waveform at the time of Vpn Supply Current 
90% , , 0.9VDD I— 




duty = 50% \ 
tr.tf < 50ns/ 



AC CHARACTERISTICS (Ta=-10°C to +70°C, V DD =4V to 6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN . 


TYP. 

'. Li U i 1 1 


MAX. 


UNIT 



tCI 


Timing Signal Inhibit Time 




153 




1500 


ns 


tAD 


Address Delay Time 




_ 


_ 


2000 


ns 


C AH1 


Address Hold Time 


CL = 50 pF 


80 






ns 


t AH2 


ii ii 


200 






ns 


tRDD 


Data Delay Time 








1000 


ns 


C RDH 


Data Hold Time 


( Note 2) 


80 






ns 


^ SELD1 


otij ueiay lime (.tor inputs 








1000 




tSELD2 


SEL Delay Time (for Output) 




100 




500 


ns 


*-SELH 


OLjLi nuiu i j-iiic 




300 






ns 


tWDS 


Write Data Set Up Time 




500 






ns 


t WDH 


Write Data Hold Time 




300 




- 


ns 


C IDS 


Read Data Set Up Time 




1000 






ns 


t IDH 


Read Data Hold Tiem 




100 






ns 


tMHD 


MH Input Delay Time 








500 


ns 


tMHH 


MH Input Hold Time 




100 






ns 


tPCHD 


PCH Input Delay Time 








500 


ns 


tPCHH 


PCH Input Hold Time 




100 






ns 


CINTHD 


INTH Input Delay Time 








500 


ns 


C INTHH 


INTH Input Hold Time 




100 






ns 


tWCP 


CP Pulse Width 




0.4/f C p 




0.6/fcp 


SEC 


tWRESET 


RESET Pulse Width 


Vi n =Vih/Vil 


2 tcy 






US 


tWINT 


TNT Pulse Width 




2 tcy 






us 


Note X ■ 
Note 2 : 


Typical values are at Ta=25°C 
AC test condition 


and V DD =5V. 













£-V DD /2 










Vdd/2 
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TIMING WAVEFORMS 



PCi 
(1=4-11 

PC/DCi 
(1=0-3) 

RDi+4 

RD/DIi 

(1=0-3) 

SELi 
(1=2-7) 



tCI 



PC 



PC 



C IDS 



( INPUT) 



C SELD1 



\ 



1 



— -I C AH2 4— - t WDS 



tRDD 



, UH1 



,tRI)H 



ROM 



C IDH 



- — U- tUDH 



V (OUTPUT) ) | \\\\X ~ 



tSELH 



- t SELD2 



is 



MH 



PCH 



INTH 



xx 



y — h c - 



C INTHD 



tMHD 



C PCHD 



C MHH 



C PCHH 



CINTHH 
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Note 1 
Note 2 
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This dimension is measured at the center of bending point of leads. 
The lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoretical positions with respect to No.l and 
No. 64 leads. 

Note 3; The metal on the side of the package is GND level. 
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PRECAUTIONS FOR USE 



(1) Clock at time of power supplied 

When TLCS-46A starts by RESET, clock must be always supplied. There 
is no problem when clock is obtained by externally mounting the 
oscillator of crystal, celamic or IFT by use of internal clock generator 
in TCP4620AP/TCP4630AP, but care should be exercised when clock is 
externally supplied or when TCP4600AC is used. 

(2) Control of I/O port 

In port 0, Input/Output can be switched by program; therefore, care 
should be taken not to become driver short between the port and 
external circuit. 

(3) Current capacity of output port 

Each of output port 5 and output port 6 has a large current capacity 

as port for display. However, if the output port is supplied with a 

large current exceeding its capacity, it may cause destruction or 
deterrioration in character. 

(4) Handling of unused terminal 

When an unused input terminal is left open, it may cause malfunction 
and increase in power dissipation; therefore, insure to connect the 
terminals to V D n or GND level. (It is the safest method to connect 
termianl via resistance.) 

Further, insure to connect TEST terminal to GND because this terminal 



is installed for LSI testing. 
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(5) Electrostatic destruction 

In TLCS-46A series, the input circuit is provided with protective 
resistance and protective diode for preventing electrostatic 
destruction. However, the surge equivalent weight is small as 
compared with discrete resistance and diode; therefore, carry 
TLCS-46A series in a conductive container so as not to add the 
surge directly into the system, when required. 

(6) Latch-up phenomenon 

When the voltage lower than GND or the voltage higher than Vqd 
is applied to input terminal and output terminal , a phenomenon 
called latch-up characteristic of CMOS presents. This phenomenon 
may cause destruction and degradation of elements; :herefore, 
care should be taken not to apply the voltage exceeding the max- 
imum rating to the input terminal and output termin.il. 
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TLCS-47 

(4 BIT SINGLE CHIP CMOS AND NMOS MICROCOMPUTER) 

GENERAL DESCRIPTION 

TLCS-47 are Toshiba 4 bit single chip CMOS and NMOS microcomputer 
series designed for general purposes use, which are software compatible 
each other. 

TLCS-47 are high-speed and high performance 4 bit single chip microcomputer. 



ARCHITECTURE TABLE OF TLCS-47 (NEW 4 BIT SINGLE CHIP MICROCOMPUTER) 



\^ Device 
Item ^^^^ Number 


NMOS Version 


CMOS Version 


Evaluation Chip 


TMP4 720P 


TMP4740P 


TMP47C20P 


TMP47C40P 


TMP47C22F 


TMP4700C 


ROM Size 


2 KB 


4 KB 


2 KB 


4 KB 


2 KB 


4 KB 
Extemaly 


RAM Size 


128 « 4 Bit 


256 x 4 Bit 


128 x 4 Bit 


256 x 4 Bit 


192 x 4 Bit 


256 x 4 Bit 


Instruction Execution 
Time 


2 US 


4 vs 




Number of Instruction 


90 


Subroutine Nesting 


15 Levels 


Interrupt 


6 (External X 2/Intemal X 4) 


Timer' / Counter 


12 Bit x 2 


Serial I/O Port 


YES 


Number of Input Port 


1 (4 Bit) 


1 (4 Bit) 


1 (4 Bit) 


PLA Output Port 


2 (8 Bit) 





2 (8 Bit) 


Number of I/O Port 


6 (23 Bit) 


6 (23 Bit) 


6 (23 Bit) 


High Current 
Drive Capability 


YES (8 Bit) 


.... 


YES (8 Bit) 


LCD Driver 






YES 




RAM Back up 


YES 


YES 


YES 


YES 


Supply Voltage 


5V110X 


Operating Temperature 


-30°C to 70*C 


Package 


42 Pin DIP 


67 Pin FT || 80 Pin QIC 



TLCS-47 



FEATURES OF TLCS-47N (NMOS) 



FEATURES 

° Single Power Supply : 5V±10% 

o 2us Instruction Cycle (4 MHz clock operation) 

° 6 Events Interrupt Capability (external 2, internal 4) 

o 15 Level Subroutine Nestings 

o Table Look Up Function 

o 90 Instructions 

• 12 bit 2 channel Timer/Counter 

o Serial Input/Output Port 

° High Current Capability (8 pins) 

° RAM Data Back up 

o Internal Character Converter for 8-Segment Display 
o 35 Bit I/O Ports 

» Software Compatible with TLCS-47C 




° Single Power Supply : 5V±10% 

o 4us Instruction Cycle (4 MHz clock operation) 

• 6 Events Interrupt Capability (external 2, internal 4) 

■ 

» 15 Level Subroutine Nestings 

° Table Look Up Function 

- 90 Instructions 

° 12 bit 2 channel Timer/Counter 

o Serial Input /Output Port 

° High Voltage Output Ports (TMP4 7C20P/4 7C40P) 

o LCD Direct Drive (TMP47C22F) 

° Hold Mode (full static operation) 

o Internal Character Converter for 8-Segment Display 

o 35 Bit I/O Ports 

• Software Compatible with TLCS-4 7N 
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PIN CONNECTION (Top View) 

TMP4740P/TMP4720P 
TMP47C40P/TMP47C20P 



TLCS-47 



(TMP47C22F) 





I v DD _ 

R92 (SCK) 

R,! (SO) 

R90 < SI > 

»83 »» 

Rg 2 (INT1) 

Rg! ( T2) 

R80 (INT2) 
VHH/fiOLD 



TEST 

"03 
*02 
KOI 
KO0 

"out 
X IN 

p 23 
'22 
'21 
'20 



SEG 

sec: 



SEG 14 [ 
VDD C 
SEG15 C 



16 



SEGi 7 
SEG 18 
SEG 19 C=j66 
SEG 20 C= 67 



nnnnnnnnnnnnnnn innnnnr 



Au-i in m m - 



r 1 m o ci ci n r 



uuuuuuuuuuuuuuu juguuu 

HiiHifmfosa flllll s . 



1R50 

: R43 

3R42 
: R41 
] R40 

3V D D 

3 1*92 (SCK) 
3R91 (SO) 
3r 90 (SI) 
3R83 (ID 
] R82 (INT1) 



PIN NAMES AND DESCRIPTION 



SYMBOL 


No. of PIN 


I/O 


FUNCTION 


NOTE 


K03-K00 


4 


Input 


Input Port 




P13-P10 


4 


Output 


Output Port (PLA) 




P23-P20 


4 


Output 


Output Port (PLA) 




R43-R40 


4 


I/O 


I/O Port 




R53-R50 


4 


I/O 


I/O Port 




R63-R60 


4 


I/O 


I/O Port 




R73-R70 


4 


I/O 


I/O Port 




R83 (Tl) 


1 


I/O 


I/O Port or Timer/Counter Inuut 




R82 (INT1) 


1 


I/O 


I/O Port or Interrupt Input 




R81 (T2) 


1 


I/O 


I/O Port or Timer/Counter In lut 




R80 (INT2) 


1 


I/O 


I/O Port or Interrupt Input 




R92 (SCK) 


1 


I/O 


I/O Port or Shift Clock for ;JIO 




R91 (SO) 


1 


I/O 


I/O Port or Serial Output 




R90 (SI) 


1 


1/0 


I/O Port or Serial Input 




SEG23-SEGO 


24 


Output 


LCD Segment Driver Output 


TMP47C22F 


COM4- CO ML 


4 


Output 


LCD Common Driver Output 


TMP47C22F 


XIN.XOUT 


2 


Input 


Clock Frequency Input 




RESET 


1 


Input 


Reset Input 




HOLD 


1 


Input 


Hold Input 


Only CMOS 


TEST 


1 


Input 


To be connected to VSS 




VDD 


1 


Power 


+5 Volts 




VSS 


1 


Power 


Ground Reference 




Vhh 


1 


Power 


+5 Volts for RAM Back-up 


Only NMOS 


VLC 


1 


Power 


Power Supply for LCD 


TMP4 7C22F 
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BLOCK DIAGRAM 



HOLD- 

RESET- 
TEST- 

XlN" 
XOUT" 



at 




►J 




S 







DC 




r'Tci - " 


RAM 


| [spw 

! STACK 




SIO 
CONTROL 



EIR 


INTR 


tn 
H 
W 


CONTROL 





v ss 



-R 92 (SCK) 
-R91 (SO) 
-R 90 (si) 



- R 83 ( T1) 
-R82 (INT1) 
-R81 ( T2) 
" R 80 (INT 2) 



R5 R6 



FT 



R7 

T 



O in 
in PS 
OS 



(Note) Q ^ : CMOS version built-in 
L _ ^ : TMP47C22F 

Includes direct driver for liquid crystal display, but not 
include Port 1 (PI) and Port 2 (P2) . 
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Object Code 












4- 




Assembler 




Binary 




HEX 


Func t i on 




. Flags 


Ion Cyc 




Mnemonic 






























1st Byte 


2nd Byte 


1st 
Byte 


' — 2 d~ 
Byte 








ZF 


SF 










«HL 


°.° 


00 1 1 


OE 




° 






(AC)-U[(H-L)] 






2 


;. 


i 








1 




11 11 


OC 


XtX»X s X,X j X 1 X,X 


3 




XHXL 


(AC)-M[x] 




- 


z 


1 










X 




10 10 


OG 


X T X«X»X,X } XiX,Xo 






XHXL 


(LR)-HCx , ],(HR)-M[x'+l |,x1=xtX,x.x,XiX j 00 






1 


£ 








.#k 


01 


oo kj^k.k. 








( AC )-k 




- 


2 


1 


1 








■ #lc 




00 k.kik.k. 








(HR)-k 








1 


1 




LD 








10 kjkjk.k. 








( LR)— k 








1 


1 








1 *DC _ 


— - 


11 00 


11 




■ 


3 




(AC )*-ROML[{DC)] 






Z 


1 


-z 




LDH 


— ^— 


'* DC " 1 "' 




11 00 


10 


— 






( AC )— ROMh[ ( DC ) ] , (DC)- (DC)+1 






Z 


1 


2 






* 


,aHL 


00 


00 11 


11 











U[(H-L) >-(AC) 




— 




1 


I 




ST 


* 


.«HL+ 


0u 


01 10 


10 




1 


A 




U[(H - L)>-(AC) ,( LRM IR)+1 






z 


Q 


: 


> 


ST 


A 


,«hl~ 


00 


01 10 


11 




1 


B 




MC(H-L) HAC) ,<LR)-(IR)-1 






z 


8 


1 


o 
M 


ST 




x 




11 11 


11 


XiX»x 1 x,x a x t x,XB 


3 




X H X L 


m[xXac) 








1 


2 




ST 


fflc 


«HL+ 


11 


11 kjkjk,^ 








H[(H-L)>-k,(LR)-(LR)-U 






z 


H 


1 




11 


Hk 


■ 7 





10 11 


01 


kakj^koyiyiyiyo 


2 




k y 


U[y]-k 






- 


l 






MOV 


H 


' A 


00 


01 00 


00 


1 


° 




(AC)-(HR) 






z 


i 


1 




MOV 


L 


. A 


00 


01 00 


01 


1 


1 




(AC)-(LR) 






z 


1 


1 




XCH 


A 


i H 


OG 


11 00 


00 


3 







(HR)S(AC) 






z 


1 






XCH 


A 


■ L 


00 


11 00 


01 


3 


1 




(LR)ti(AC) 






z 


\ 






XCH 


A 


,EIR 





01 00 


11 


1 


3 




(EIR)t^(AC) 




- 


- 


I 


1 




XCH 


A 


,SH L 


00 


00 11 


01 







D 




M[(H^)]t;(AC) 






2 


1 


1 




XCH 


A 


X 


00 


11 11 


01 


>.- •„,>:,:■,>.,:... (, 


3 


D 


x a X L 


M[x]t;(AC) 






Z 


1 


2 




XCH 


B L 


X 


00 


10 10 


01 


X J X,X s X,X,XiX,Xo 


2 


9 


XHXL 


M[xf;( LR) ,M[x'+l]t; (HR; ,x' = x,x,x s x,x 3 x I 0O 




- 


L 


2 




ClfPR 


A 


,@HL 


QQ 


01 01 


10 


1 


6 




null-M[(H-L)]-(AC) 




I 


z 


z 


I 


z 


CWPR 


A 


X 


00 


11 11 


1C 


XTXiXjXiXjXjXtX, 


3 


B 


X H X L 


null— M[x]-(AC) 




B 


z 


2 


2 


s. 


CMPB 


A 


.#k 


11 


01 k,k,k,k| 


D 


k 




nul l— k — ( AC ) 




s 


z 


Z 


1 


i 


CMPB 


B 


,#k 


00 


11 10 


oo 


11 01 kjkjkiko 


3 


8 


D k 


null— k-(HR) 




- 


z 


B" 


2 




CUPR 


L 


■ #k 


00 


11 10 


oc 


10 01 kjkjk.ko 


3 


8 


9 k 


null— k-{ LR ) 










2 




CMPR 


7 


.# x 


00 


10 11 


1C 


kjkjk.koyjy^yo 


2 




k y 


null-k-y[y] 




B 


2 




! 




INC 


A 




oc 


00 10 


00 


G 


a 




(AC)-tAC) + l 




- 


z 




1 




INC 


L 




00 


01 10 


00 


1 


B 




(LR)-(LR) -(-l 




- 


z 


B 


1 




INC 


L 




00 


00 10 


10 





A 




U[{H.L)]-W[(H.L)] + 1 




- 


2 


a 


1 




DEC 


A 




00 


00 10 


01 





9 




(AC)-(AC) -1 




- 


z 


B 


1 




DEC 


L 




CO 


01 10 


01 


1 


9 




(LR)-(LR) -1 




- 


z 


B 


1 




DEC 


■HI 




DO 


00 10 


11 





a 




M[(H-L)]-M[(H-L)]-1 




- 


z 


B 


1 




ADDC 


A 


,«HL 


00 


01 01 


01 


1 


5 




(AC)-(AC)+U[(H.L)]+ CF) 







z 


c 


1 


i 


ADD 


A 


, ©H L 


00 


01 01 


11 


1 


7 




(AC)-(AC)+MC(H.L)] 




- 


z 


"C 


1 




ADD 


A 


.#x 


00 


11 10 


00 00 00 k,k»k,k, 


3 


B 


k 


(AC)-(AC) +k 




- 


z 


c 


2 


< 


ADD 


H 


.#k 





11 10 


00 11 00 l^kiktko 


3 


S 


C k 


(HR)-(HR) + k 






z 


c 


2 




ADD 


L 


,#k 


00 


11 10 


00 10 00 kjkslcka 


3 


8 


a k 


(LR) -(LR) +k 






z 


3 


£ 




ADD 


mi 


■ #x 


00 


11 10 


00 01 00 kjkik.ko 


3 


8 


A k 


M[(H-L)]-H[(H-L)] + k 






z 


TS 






ADD 


7 


,#k 


9 
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Note 1 : Setting Condition of Flag 

"C" indicates the carry output from the highest significant position in the addition operation, and "B" 
indicates the borrow from the highest significant position in the subtraction operation. "Z" indicates 
the zero detection signal to which "l" is applied only when all of the 4-bit data transferred to the ac- 
cumulator or the ALU output, which is the result obtained by an arithmetic operation or data processing, 
are cleared zero. The flag Is set to "C", "C", "I". "Z", "Z", "l", or "0" according to the data 
processing result. "*" mark denotes that the value specified by function is set, and "-" mark other 
than it denotes that the flag makes no change. 

Note 2 ; Thli is the data set in the accumulator. In this case, the tero flag is set in the accumulator. 

Note 3 : The flags (ZF and SF) are set in the accumulator depending on the increment or decrement result of 
the L register* 

Note 4 : The data shifted out of the accumulator becomes the carry. 

Note 5 : The contents of program counter indicate the next address of the instruction in execution. 
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TECHNICAL DATA 



8-BIT SINGLE-CHIP MICROCOMPUTER 



TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8048P/8048PI 
TMP8035P/8035PI 
N- CHANNEL SILICON GATE MOS 



GENERAL DESCRIPTION 

The TMP8048P, from here on referred to as the TMP8048, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 64 * 8 RAM data memory, IK * 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8048 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP8035P is the equivalent of a TMP8048 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 



FEATURES 

• Compatible with Intel's 8048 

• 2.5 uS Instruction Cycle 

• All instruction 1 or 2 cycles 

• Over 90 instructions; 70% single byte 
. Easy expandable memory and I/O 

• IK x 8 masked ROM 



PIN CONNECTIONS (Top View) 



10 



T dl 
XTALl C 2 
XTAL2 C 3 
RESET C 4 
55 C 5 
INT C 6 
EA C 7 
RD C 8 
PSEN C 9 
WR C. 10 
ALE C 11 
DBo c 12 
m x C 13 
DB 2 C 14 



(OV^SS^O 




64 x 8 RAM 
27 I/O lines 

Interval Timer/Event Counter 
Single level interrupt 
Single 5V supply 

-40"C to +85°C Operation (TMP8048PI/ 
TMP8035PI ; Industrial Specification) 



3 V CC (+5V) 
3 Ti 



PlO 
3 V DD(+5V) 
3 PROG 
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Note 1) The lower order 4 bits of 
port 2 output latch are 
vsed also for input/output 
operations with the I/O 
expander . 

Note 2) The output latch of port 
is also used for address 
output. 
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TMP8048P/8048PI 
TMP8035P/8035PI 



PIN NAMES AND PIN DESCRIPTION 
Vss (Power Supply) 

Circuit GND potential. 
V DD (Power Supply) 

+5V during operation Low power standby pin for TMP8048 RAM 
Vcc (Main Power Supply) 

+5V during operation 
PROG (Output) 

Output strobe for the TMP8243P I/O expander 
P 10 _p 17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal PullupS50KR ). 
P 20 _P 27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup s 50K!J ). 

P20-P23 Contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBq -DBy (Input/Output, 3 State) 

Ture bi directional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

To (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. To can be designated as a clock output using ENTO CLK instruction. 

T;l (Input) 

Input pin testable using the JT1 and JNT1 instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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TECHNICAL DATA 




RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 



ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low) . 

SS~ (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memorV- Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter- 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The following system functions of the TMP8048 are described in detail. 

(1) Program Memory (65 Stack (Stack Pointer) 

(2) Data Memory (7) Flag 0, Flag 1 

(3) I/O Port (8) Program Status Word (PSW) 

(4) Timer/Counter (9) Reset 

(5) Interrupt Control Circuit (10) Oscillator Circuit 

(1) Program Memory 

• The maximum memory that can be directly addressed by :he TMP8048 is 
4096 bytes. The first 1024 bytes from location through 1023 can be 
internal resident mask ROM. The rest of the 3072 byt.;s of addressable 
memory are external to the chip. The TMPE035 has no Internal resident 
memory; all memory must be external. 
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There are three locations in Program Memory of special importance. 



Address 
4095 



2048 
2047 

1024 
1023 



W 777777 ^ 

//Internal ROM// 



Memory Bank 1 



Memory Bank 



Program Memory Area 



Location 



Activating the Reset line of the processor causes the first instruc- 
tion to be fetched from Location 0. 

• Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

• Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

• Program addresses 0-2047 and 2048-4095 are called memory banks 

and 1 respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MB0 or SEL MB1 . 

Reset operation automatically selects Bank 0. 



(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits wide. 

• The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of - 7. 
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Address 

63 


Data Memory 


32 




31 


Resister Bank 1 


24 


RBI 


23 


8 Level Stack 


8 
7 


(16 byte) 


Resister Bank 





RBO 



Internal Data Memory Area 



• RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, yov free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

• ALL 64 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Jegister array. 

• The TMP8048 architecture allows extension of the Data Memory to 256 words. 

(3) Input/Output Ports 

• The TMP8048 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 Vtest" inputs which can alter program sequences when tested by con- 
ditional jump instructions. 

• Ports 1 and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

• All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (Illustrated in Figure 1)". Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50K ft ) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 

to "1" transition a low impedance device (5K ft ) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to. line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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ANL, ORL 



Internal Bus 



Write Pulse- 



+5V +5V 



50kSi 




□ 50kf2 I/O pins 
Portl or 2 



Flg.l Input/Output Circuit of Port 1, Port 2 

. Reset initializes all lines to a high impedance "l" state. 

. When external data memory area is not addressed during execution of an 
internal program, Port (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. - 

. As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

• As a bidirectional port the MOVX^inst ructions are used to read and write 
the port which generate the WR RD strobes. 

• When not being written or read, the Bus lines are in a high impedance 
state. 



(4) Timer/Event Counter 

■ The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 
••••*•< Timer "mode 
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Z TECHNICAL DATA 





(2) External input clock form Tl terminal 

(minimum cycle time 3 * ALE cycle) 

Event Counter mode 



The counter is presettable and readable with two MO 1 ' instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial- 
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CN'\ Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped by a STOP TCNT instruction or 
RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF) . The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 
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Fig. 2 Concept of Timer Circuit 
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External inter- 
rupt Recognized 



Timer interrupt 
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Execution of Inter- 
rupt Call Instruction 



Reset - 



DIS 1 

Instruction 







DIS TCNTI 
Instruction 



Fig. 3 Concept of Interrupt Control Circuit 



(5) Interrupt Control Circuit 

. There are two distinct types of Interrupts in the TMP8048. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 
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. The interrupt system is single level in that once an irterrupt is detected 

all further interrupt requests are ignored until execution of an RETR 

(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

• An int erru pt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allovs "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca- 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event cointer an interrupt 
request is generated which is reserviced as outlined ir previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously than external request INI takes precedence. 

• If an extra external interrupt is needed in addition tc INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on Tl will cause an interrupt vector to Location 7. 

■ The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between and 2047, i.e., Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 



(6) Stack (stack Pointer) 

. An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

• The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre- 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR ciuses the stack 
pointer to be decremented by one and the contents of th= resulting pair 
to be transferred to the Program Counter. 



Hi 


INTEGRATEDCIRCUIT 


TMP8048P/8048PI 




fllS TECHNICAL DATA 


TMP8035P/8035PI 





7 




23 
22 


6 




21 
20 


5 




19 
18 


4 




17 
16 


3 






15 
14 


2 






13 
12 


1 






11 
10 





PSW 

PC4 -X. 7 


PC8 * 11 
PCO-x- 3 


9 
8 


Stack 




RAM 



Pointer 



Address 



(7) Flag 0, Flag 1, (F0, Fl) 

• The TKP8048 has two flags F0 and Fl which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

. F0 is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 

(8) Program Status Word (PSW) 

• An 8-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW) . The PSW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 
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Stack Pointer 















c 


AC 


FO 




Si 


s o 



Saved in stack area Spare ("1" during R?ad) 
at the time of Sub- 
routine Call. 



Bits - 2 : Stack Pointer Bits(S , S\, S 2 ) 

Bit 3 : Not used ("1" level when read.) 

Bit 4 : Working Register Bank Switch Bit 

(BS) 

= Bank 

1 = Bank 1 
Bit 5 : Flag (FO) 

Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD 

instruction and used by the decinal adjust instruction 
DA, A (AC) 

Bit 7 : Carry (C) flag which indicates fiat the previous 

operation has resulted in the accumulator. 

(C) 



(9) Reset 

. The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pulLup resistor which in 
combination with an external luF capacitor pro /ides an Internal reset 
pulse sufficient length to guarantee that all Internal logic is 
initialized. 



, lkfi 
-o o — 



luF 



r 



C RESET 



272 



TOSHIBA CORPORATION 




INTEGR ATEDC I RCUIT 



TMP8048P/8048PI 
TMP8035P/8035PI 



TECHNICAL DATA 



• If the pulse is generated externally the reset pin must be held at ground 
(i0.5V)f°r at least 50mS after the power supply is within tolerance. 

• Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer, 
.(ix) Clears Timer Flag. 

(x) Clears F0 and Fl. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

• TKP8048 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 



(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 



+5V 




470fi : : 



2. Basic Operation and Timing 

The following basic operations and timing are explained 
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(1) Instruction Cycle 

• The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle consists of five states. 

•Fig. 4 illustrates its relationship with the clock input to CPU. 

■ $2 clock shown in Fig. 4 is derived to outside by EMTO CLK instruction. 

• ALE can be also used as the clock to indicate the jiachine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 
(i) Program Memory Access 

• TMP8048 programs are executed in the following thrje modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal prograns. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address in mode (3). 

. In the external program memory access operation, tie following will occur 

. The contents of the 12-bit program counter will be output on BUS(DB0 - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the timn at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

• Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

. BUS (DBO - DB7) reverts to Input mode and the processor accepts Its 
8-bit contents as an Instruction Word.' 

• Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation dining. READ/WRITE cycle the 
following occurs 

. The contents of RO Rl is output onto BUS (DBO - 1)B7) . 

• ALE indciates address is valid. The trailing edj;e of ALE is used to 
latch the address externally. 

■ A read RD or write WR pulse on the corresponding output pins indicates 
the type of dat a memory access in progress. Outj ut data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

• Data (8-bits) is transferred over BUS. 
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Fig. 4 Instruction Cycle Timing 
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Fig. 5 Timing of External Program Memory Access 
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Fig. 6 Timing of Accessing External Data Memory 
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> Figure 6 illustrates the timing of accessing the external data memory 
mal program. 



• Figure 6 illustrates the timing of aci 
during execution of external program. 



(3) Interface with I/O Expander (TMP8243P) 

. The TMP8048 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con- 
sists of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 



+12V 
EA 0V_/" 

RESET OV 



-f*~ 



ALE 



-ff- 



DB0-DB7 Igput^f internal 




Input of Internal 
ROM Address 



P20, P21 



Input of Internal ROM Address 



Fig. 7 Timing of Rading Internal Program Memory 
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Fig. 8(a) Single Step Circuit 
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(4) Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

• Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

• A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single step, 
set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

• The timeing deagram in this case is as shown in Figure 8 (b) . (EA = 5V) . 

(6) Lower Power Stand-by Mode. 

• The TMP8048 has been organized to allow power to be removed from all but 
the volatile, 64 * 8 data RAM array. In power down node the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMP3048 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to 0V but Vnn 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 





Instruction Input 



instruction 





Port20 -23 
Data 



Fig. 8(b) Single Step Operation Timing 
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Mnemonic 






Instruction 


Code 






Operation 


Bytes 


Cycles 


Fl 


ag 


D7 


D6 


D5 


D4- 


D3 


D2 


Dl 


DO 


C 


AC 


ADD A.Rr 





1 


1 





1 


r 


r 


r 


(A)-"-(A) + (Rr) 
r = -7 


1 


1 


o 


o 


ADD A,@Rr 





1 


1 














r 


(A)-<-(A) + (Rr) 
r = 0, 1 


1 


1 


o 


o 


ADD A, //Data 



d7 




d6 



d5 



d4 



d3 




d2 


1 

dl 


1 

dO 


(A)*(A)+Data 


2 


2 


o 


o 


ADDC A,Rr 





1 


1 


1 


1 


r 


r 


r 


(A)-<-(A) + (Rr) + (C) 
r = -7 


1 


1 


o 


o 


AD DC A, @Rr 





1 


1 


1 











r 


(AK(A)+((Rr)) + (0 
r = 0, 1 


1 


1 


o 


o 


ADDC A, //Data 



d7 




d6 




d5 


1 

d4 




d3 



d2 


1 

dl 


1 

dO 


(A)-«-(A)+Data+(C) 


2 


2 





o 


ANL A.Rr 





1 





1 


1 


r 


r 


r 


(AK(A)A(Rr) 
r - 0- 7 


1 


1 


— 


~ 


ANL A,(?Rr 





1 





1 











r 


(A)-(A)A(<Rr)) 
r = 0, 1 


1 


1 






ANL A, //Data 




d7 


1 

d6 




d5 


1 

d4 




d3 




d2 


1 
dl 


1 

dO 


(A)<-(A)AData 


2 


2 






ORL A.Rr 





1 








1 


r 


r 


r 


(A)-<-(A)V(Rr) 
r = -7 


1 


1 






ORL A,l?Rr 





1 

















r 


(A)-(A)V((Rr)) 
r = 0, 1 


1 


1 






ORL A, //Data 



d7 


1 

d6 



d5 



d4 




d3 



d2 


1 

dl 


1 

dO- 


(A)-*-(A)VData 


2 


2 






XRL A,Rr 


1 


1 





1 


1 


r 


r 


r 


(A)«-(A)V(Rr) 
r = -7 


1 


1 


- 


- 


XRL A, @Rr 


1 


1 





1 











r 


(A)+(A>V((Rr)) 
r = 0, 1 


1 


1 




_ 


XRL A,#Dafa 


1 

d7 


1 

d6 



d5 


1 

d4 



d3 




d2 


1 
dl 


1 

dO 


*(A)«-(A)VData 


2 


2 






INC A 











1 





1 


1 


1 


(A)«-(A)+1 


1 


1 






DEC A 

















1 


1 


1 


(A)-(A)-1 


1 


1 






CLR A 








1 








1 


1 


1 


Xxm 


1 


1 






CPL A 








1 


1 





1 


1 


1 


(A)-<-NOT (A) 


1 


1 






DA A 





1 





1 





1 


1 


1 


Decimal Adjust 
Accumulator 


1 


1 


o 




SWAP A 





1 











1 


1 


1 


(A4-7)?(AC-3) 


1 


1 
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Ope rat ion 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


C 


AC 


RL A 


1 


1 


1 








1 


1 


1 


(An+l)+(>n) 
n = 0- 6 
(A0)-KA7) 


1 


1 






RLC A 


1 


I 


I 







1 






n = - 6 
(C)-(A7) 
(AO)^(C) 




1 






RR A 





1 


1 


1 





1 


1 


1 


(An)-*-(An41) 
n = 0- 6 
(A7)*-(A0) 


1 


1 






. RRC A 





1 


1 








1 


1 


1 


(An)-<-(An+l) 
n = - 6 
(C)*(A0) 
(A7K(C) 


1 


1 






Input/Output Instruction 




Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


Mnemonic 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


A 


AC 


IN A.Pp 














1 





P 


P 


(A)^(Pp) 
P = 1, 2 


1 


2 






OUTL Pp,A 








1 


1 


1 





P 


P 


(PpH(A) 
P = 1, 2 


1 


2 






ANL Pp, //Data 


1 

d7 




d6 



d5 


1 

d4 


1 

d3 




d2 


P 
dl 


P 
dO 


(Pp)-<-(Pp)/,Data 
P = 1, 2 


2 


2 






ORL Pp,//Data 


1 

d7 




d6 



d5 




d4 


1 

d3 




d2 


P 
dl 


P 

dO 


(PpH(Pp)VData 

r - i, 2 


2 


2 






INS A, BUS 














1 











(a)+(bus) 


1 


2 






OUTL BUS, A 




















1 





(BUS)«-(A) 


1 


2 






<\NT. BUS, //Data 


1 

d7 




d6 




d5 


1 

d4 


1 

d3 




d2 




dl 




dO 


(BUS)«-(BUS)AData 


2 


2 






ORL BUS, //Data 


1 

d7 




d6 




d5 



d4 


1 

d3 



d2 



dl 




dO 


(BUS)-<-(BUS)vData 


2 


2 






MOVD A.Pp 














1 


1 


P 


P 


(A0-3)-<-(Pp) 
(A4- 7)<-0 
P = 4 - 7 


1 


2 






MOVD Pp.A 








1 


1 


1 


1 


P 


P 


(PpWAO-3) 
P = 4 - 7 


1 


2 
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Flag 


D7 


D6 


D5 


M 


D3 


D2 


Dl 


DO 


c 


AC 


ANLD Pp,A 


1 








1 


1 


1 


P 


P 


(Pp)<-(Pp)A(A0-3) 
P = 4 - 7 


1 


2 






ORLD Pp.A 


1 











1 


1 


P 


P 


(Pp)-<-(Pp)\/(AO-3) 
P = 4- 7 


1 


2 






Register Instruction 




Mnemonic 


Instruction Code 




Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 




D3 


D2 


Dl 


DO 




c 


AC 


INC Rr 











1 


1 


r 


r 


r 


(RrK(Rr)+l 
r = 0- 7 


1 


1 






INC @Rr 











1 











r 


((Rr))«-((Rr))+l 
r = 0, 1 


1 


1 






DEC Rr 


1 


1 








1 


r 


r 


r 


(RrK(Rr)-l 
r = 0- 7 


1 


1 







Branch Instruction 



Mnemonic 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


JMP Address 


alO 
a7 


a9 
a6 


a8 
a5 


1 

a4 




a3 


1 

a2 




al 



aO 


(PC0-7)<-(a0-7) 

(PC8-10)<-(a8-10) 

(PCll)-<-DBF 


2 


2 






JMPP @A 


1 





1 


1 








1 


1 


(PC0-7K((A)) 


1 


2 






D.INZ Rr, 
Add ress 


1 

a7 


1 
a6 


1 

a5 



a4 


1 

a3 


r 

a2 


r 

al 


r 

aO 


(RrK(Rr)-l 
if Rr not 
(PCO-7)-H(aO-7) 


2 


2 






JC Address 


1 

a7 


1 

a6 


1 

a5 


1 

a4 




a3 


1 

a2 


1 

al 



aO 


(PC0-7)<-(a0-7) 
if C = 1 
(PC) - (PC)+2 
if C = 


2 


2 






JNC Address 


1 

a7 


1 

a6 


1 

a5 



a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)*(aO-7) 
if C = 
(PC)-<-(PC)+2 
if C = 1 


2 


2 
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Mnemonic 


Instruction 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


<: 


AC 


JZ Address 


1 

a7 


1 

a6 




a5 







■3 


1 

s2 


1 

al 




aO 


(PCO-7H(aO-7) 
if (A) - 
(PC)»(PC)+2 
If (A) * 


2 


2 


~ 




JNZ Address 


1 

a7 




a6 




a5 


1 

a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)* (aO-7) 
if (A) * 
(PC)--(PC)+2 
if (A) - 


2 


2 






JTO Address 



a7 



a6 


1 

a5 


1 

a4 




a3 


1 

a2 


1 

al 



aO 


(PCO-7HUO-7) 
if TO - 1 
(PC)i-(PC)+2 
If TO = 


2 


2 


- 




JNTO Address 




a7 



a6 


1 

■3 




a4 




•3 


1 

a2 


1 

al 




aO 


(PCO-7)*(aO-7) 
If TO - 
(PC)i-(PC)+2 
If TO - 1 


2 


2 


- 


- 


JT1 Address 




a7 


1 

a6 


aS 


I 

a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)»(aO- 7) 
if Tl = 1 
(PC)«-(PC)+2 
if Tl - 


2 


2 


- 




JNT1 Address 




a7 


1 

a6 




a5 



a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)*(aO- ') 
If Tl - 
(PC)<-(PC) + 2 
if Tl - 1 


2 


2 


- 


- 


JFO Address 


1 

a7 




a6 


1 

a5 


1 

e,A 




a3 


1 

a2 


1 

al 




aO 


(PC0-7)«-(aO-- ) 
If FO - 1 
(PC)»(PC)+2 
If FO - 


2 


2 


- 


- 


JF1 Address 




a7 


1 

a6 


1 

aS 


1 

aA 




a3 


1 

a2 


1 

al 


O- 
aO 


(PCO-7)-(aO-',) 
If Fl - 1 
(PC)+(PC)+2 
if Fl - 


2 


2 






JTF Address 




a7 


o 

a6 


o 

a5 


■ 

a4 


o 

a3 


a2 


al 




aO 


(PCO-7)<-(aO-7) 
if TF » 1 
(PC)^(PC)+2 
if TF - 


2 


2 






JN1 Address 


1 

a7 




a.6 




a5 




a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)»(aO-7) 
If INT - 
(PC)>-(PC)+2 
If INT - 1 


2 


2 






JBb Address 


b2 
a7 


bl 
a6 


bO 
a5 


1 

a« 




a3 



a2 


1 

al 




aO 


(PCO-7)<-(aO-7) 
If Bb - 1 
(PC)<-(PC)+2 
If Bb - 
(b - - 7) 


2 


2 
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INTEGR ATEDC I RCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 



Subroutine Instruction 



Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


CALL Address 


alO 
a7 


a9 
a6 


a8 

a5 


1 

a4 




a3 


1 

a2 



al 




aO 


(PC) , (PSW4-7) 
(SP)->~(SP)+1 
(PC8-10)«-(a8-10) 
(PCO-7)-<-(aO-7) 
(PC11)<-DBF 


2 


2 






RET 


1 

















1 


1 


(SP)-<-(SP)-l 
(PC)-((SP)) 


1 


2 






RETR 


1 








1 








1 


1 


(SP)-<-(SP)-l 
(PC)i-((SP)) 
(PSW4-7)<-((SP)) 


1 


2 






Flag Manipulation Instruction 


Mnemonics 


Instruction Code 


Operat ion 


Bytes 


Cycles 


Fl 


ag 




D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


CLR C 


1 








1 





1 


1 


1 


(CKO 


1 


1 


O 




CPL C 


1 





1 








1 


1 


1 


(C)«-NOT(C) 


1 


1 


o 




CLR FO 


1 














1 





1 


(FO)<-0 


1 


1 






CPL FO 


1 








1 





1 





1 


(FO)i-NOT(FO) 


1 


1 






CLR Fl 


1 





1 








1 





1 


(F1K0 


1 


1 






CPL Fl 


I 

1 





1 


1 

1 




1 


1 





1 


(Fl)-<-NOT(Fl) 


1 


1 







Data Transter Instruction 



Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


C 


AC 


MOV A.Rr 


1 


1 


1 


1 


1 


r 


r 


r 


(AK(Rr) 
r = -7 


1 


1 






MOV A,@Rr 


1 


1 


1 


1 


• 








r 


(A)-K(Rr)) 
r = 0, 1 


1 


1 






MOV A,#Data 



d7 



d6 


1 

d5 



d4 



d3 



d2 


1 

dl 


1 

dO 


(A).«-Data 


2 


2 






MOV Rr.A 


1 





1 





1 


r 


r 


r 


(Rr)-KA) 
r = - 7 


1 


1 
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INTEGRATEDCIRCUIT 


TMP8048i'/8048PI 
TWP8035P/8035PI 




fH2 


TECHNICAL DATA 







Mnemonics 






Instruction 


:ode 






Operat ion 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


MOV @Rr,A 


1 





X 





o 








r 


((Rr)W\) 
r = 0, I 


1 


i 






MOV Rr.ftlata 


1 

d7 




d6 


x 

d5 


1 

d4 


x 

d3 


r 
d2 


r 

dl 


r 
dO 


(Rr)-*-Data 
r - 0- 7 


2 


2 






MOV @Rr,#Data 


1 

d7 



d6 


X 

d5 


x 

d4 


o 

d3 



d2 



dl 


r 
dO 


((Rr))<-Data 
r = 0, I 


2 


2 






MOV A.PSW 


1 


1 





o 





1 


1 


1 


(A)<-(PSW) 


1 


1 






mtjv p<;w A 


x 


x 





1 





x 


1 


1 




1 


1 


- 


- 


XCH A.Rr 








1 





1 


r 


r 


r 


(A)t(Rr) 
r = — 1 


1 


1 






XCH A,@Rr 








1 














r 


(A)J((Rrl) 
r - 0, 1 


1 


1 






XCHD A,@Rr 








1 


1 











r 


(AO-3)J((UrO-3)) 

r = o, :. 


1 


1 






MOVX A,(?Rr 


1 














n 
u 


U 


r 


(A)->-( tRr. ) 
r = 0. 1 


X 


i. 






MOVX @Rr,A 


1 








1 











r 


((Rr)K(A) 
r ■ 0, 1 


1 


2 






MOVP A,@A 


1 





1 











1 


1 


(PCO-7)<-iA) 
(A)-K(PC;) 


1 


2 






MO VP 3 A,@A 


1 


1 


1 











1 


1 


(PCO-7)-«-(A) 

(PC8-11)-<0011 

(A)-((PO) 


1 


2 







Timer/Counter Instruction 



Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


MOV A,T 





1 














1 





(A)*(T) 


1 


1 






MOV T,A 





1 


1 











1 







1 


1 






STRT T 





1 





1 





1 





1 


Counting is 
started in the 
timer mode 


1 


1 






STRT CNT 





1 











1 





1 


Counting is 
started in the 
event counter ■ 
mode 


1 


1 







TOSHIBA 



CORPORATION 



INTcGRATEDClKCUlT 


TMP8048P/8048PI 




HIS TECHNICAL DATA 


Tunofiitn /onuDi 
IMPoUJdP/oUodHI 





MriGmoni cs 


Instruction Code 


ftn*i Tat" ^ rtn 

u^C i. aL J.UII 


Bytes 


Cy c 1 6 s 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


STOP TCNT 





1 


1 








1 





1 


Stop both time 
accumulation and 
event counting 


1 


i 






EN TCNT1 








1 








1 





1 


Timer interrupt 
is enabled 


1 


i 






DIS TCNT1 








1 


1 





1 





1 


Timer interrupt 
is disabled 


1 


i 






Control Instruction 


Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 




D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


EN I 

















1 





1 


External inter- 
rupt is enabled 


1 


1 






DIS I 











1 





1 





1 


External inter- 
rupt is disabled 


1 


1 






SEL RBO 


1 


1 











1 





1 


(BSHO 


1 


1 






SEL RBI 


1 


1 





1 





1 





1 


(BS)-KL 


1 


1 






SEL MBO 


1 


1 


1 








1 





1 


(DBF)«-0 


1 


1 






SEL MB1 


1 


1 


1 


1 





1 





1 


(DBF)<-1 


1 


1 






ENTO CLK 





1 


1 


1 





1 





1 


Tp, is enabled to 
act as the clock 
output 


1 


1 






NOP 


























No operation 


1 


1 
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INTEGRATEDCIRCUIT 


TMP8048P/8048PI 

1 MroU jjr/ O'Jour l 




iH2 


TECHNICAL DATA 





1TMP8048P/ 8035PI 
ABSOtUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


V D D 


Vdd Supply Voltage (with respect to GND (Vss)) 


-0.5V to +7V 


vcc 


VCC Supply Voltage (with respect to GND (V ss )) 


-0.5V to +7V 


V INA 


Input Voltage (Except EA) 


-0.5V to +7V 


VlNB 


Input Voltage (Only EA) 


-0.5V to +13V 


PD 


Power Dissipation (Ta=70°C) 


1 . 5W 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec) 


260°C 


T STG 


Storage Temperature 


-55°C to 150°C 


T OPR 


Operating Temperature 


0°C to 70°C 



DC CHARACTERISTICS TA=0 o c tQ 70 o Cf y^y^+sytip;;, V ss =0V Unless Other 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIH. 


TYP. 


MAX. 


UNIT 


V IL 


Input LoW Voltage 

(Except XTAL1, XTAL2, RESET) 




-0. 5 




0. 8 


V 


V IL1 


Input Low Voltage 
(XTAL1, XTAL2, RESET) 




-0.5 




0.6 


V 


VlH 


Input High Voltage 

(Except XTAL1, XTAL2, RESET) 




2.0 


- 


V CC 


V 


V IH1 


Input High Voltage 
(XTAL1, XTAL2, RESET) 




3.8 




v C c 


V 


vol 


Output Low Voltage (BUS) 


I OL=2.0mA 






0.45 


V 


Voli 


Output Low Voltage 
(RD, WR, PSEN, ALE) 


X 0L=1 . 8mA 






0.45 


V 


V L2 


Output Low^Voltage (PROG) 


T 0L= 1.0mA 






0.45 


V 


V L3 


Output Low Voltage 
(For other output pins) 


I 0L=1 . 6mA 






0.45 


V 


V OH 


Output High Voltage (BUS) 


^H^OOpA 


2.4 






V 


V 0H1 


Output High Voltage 
(RD, WR, PSEN, ALE) 




2.4 






V 


V 0H2 


Output High Voltage 
(For other output pins) 


^=-4 Op A 


2.4 






V 


ILI 


Input Leak Current (Tl, INT) 


V SS 1V IN 1V CC 






+10 


yA 


htl 


Input Leak Current 
(P10-17, P20-P27, EA, SS) 


V ss +0.45;v IN iV cc 






-500 


uA 


\o 


Output Leak Current (BUS, TO) 
(High impedance condition) 


V SS +0.45iV IN £v cc 






±10 


uA 


Idd 


V DD Supply 1 Current 








15 


mA 


Idd+Icc 


Total Supply Current 








135 


mA 
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INTEGR ATEDC I RCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 



AC CHARACTERISTICS TA=0°C to 70°c, V cc =V nr) =+5V+ 1 0%, v S s=OV, Unless otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


% 


ALE Pulse Width 




400 


_ 


_ 


ns 


C AL 


Address Setup Time (ALE) 




120 


- 


- 


ns 


tLA 


Address Hold Time (ALE) 




80 


_ 


- 


ns 


C CC 


Control Pulse Width (plHjN.RD.WR) 




700 


_ 


_ 


ns 




Data Setup Time (WR) 




500 


_ 




ns 


two 


Data Hold Time (WR) 




120 




_ 


ns 




Cycle Time 




2.5 


- 


15.0 


Us 


*-DR 


Data Hold Time (PSEN, RD) 


C L =20pF 





_ 


200 


ns 


C RD 


Data Input Read Time (PSEN,~RD) 




- 


- 


500 


ns 


'AW 


Address Setup Time (WR) 




230 


- 


- 


ns 


C AD 


Address Setup Time (Data Input) 




- 


_ 


950 


ns 


'afc 


Address Float Time (RD, PSEN) 







_ 


_ 


ns 


C CA 


Internal between Control Pulse 
and ALE 




10 


_ 


_ 


ns 


'CP 


Port Control Setup Time (PROG) 




110 


_ 


- 


ns 


tpc 


Port Control Hold Time (PROG) 




100 






ns 


'PR 


Port 2 Input Data Set Time (PROG) 








810 


ns 


fc DP 


Output Data Setup* Time (PROG) 




250 






ns 


tpD 


Output Data Hold Time (PROG) 




65 






ns 


t FF 


Port 2 Input Data Hold Time (PROG) 









150 


ns 


t pp 


PROG Pulse Width 




1200 






ns 


'PL 


Port2 I/O Data Setup Time 




350 






ns 


CLP 


Port2 I/O Data Hold Time 




150 






ns 



Note : tCY=2.5us, Control Output: Cl=80 pF, BUS Output: CL=150pF, PORT20 - 23: CL=80pF. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8D35PI 



ITMP8048PI/8035PI : INDUSTRIAL SPECIFICATION | 
ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATTNP 


V D D 


VpD Supply Voltage (with respect to GND (Vgs)) 


-0.5V to +7V 


v c c 


Vcc Supply Voltage (with respect to GND (Vgg)) 


-0.5V to +7V 


V INA 


Input Voltage (Except EA) 


-0.5V to +7V 


V INB 


Input Voltage (Only EA) 


-0. 5V to +13V 




Power Dissipation (Ta=70°C) 


1.5W 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec.) 


260°C 


T STG 


Storage Temperature 


-55°C to 150°C 


T OPR 


Operating Temperature 


-40°C to 85°C 



DC CHARACTERISTICS |TA=-40°C to 85°C |, V cc =Vd D =+5V±10%, V S s=0V. Unless otherwise Noted. 



SYMBOL 



VjJ.1 



VlH 



vim 



v l 



v li 



V L2 



VQL3 



"OH 



VoHl 



VQH2 



X LI 



I DD +I CC 



PARAMETER 



Input Low Voltage 
(Except XTAL1, XTAL2, RESET) 



Input Low Voltage 
(XTAL1, XTAL2, RESET) 



Input High Voltage 
(Except XTAL1.XTAL2, RESET) 



Input High Voltage 



(XTAL1, XTAL2, RESET) 



Output Low Voltage (BUS) 



Output Low Voltage 
(RD, WR, PSEN, ALE) 



Output Low Voltage (PROG) 



Output Low Voltage 
(For other output pins) 



Output High Voltage (BUS) 



Output High Voltage 
(RD, WR, PSEN, ALE) 



Output High Voltage 
(For other output pins) 



Input Leak Current (Tl , INT) 



Input Leak Current 
(P10-17, P20-27, EA, SS) 



Output Leak Current (BUS , TO) 
(High impedance condition) 



V DD Supply Current 



Total Supply Current 



TEST CONDITIONS 



lQL=1.6mA 



I 0L=1.6mA 



I 0L=0.8mA 



: 0L=1. 2mA 



I OH=-280 U A 



I OH=-80 U A 



x OH=-30uA 



V ss +0.45JV inS V cc 



v ss +o.45;v IN ;v cc 



MIK. 



-0.5 



-0. > 



2. I 



3.3 



2.i 



2.h 



TYP. 



MAX. 



0. 7 



0.6 



UNIT 



v C c 



0.45 



0.45 



0.45 



0.45 



±10 



-600 



±10 



20 



145 



UA 



mA 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 







AC CHARACTERISTICS 



1tA=-40°C to 85°c|, Vcc=VDD=+5VtlO%, VSS=0V. Unless otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


'LL 


ALE Pulse Width 




200 






ns 


'al 


Address Setup Time (ALE) 




120 






ns 


'LA 


Address Hold Time (ALE) 




80 






ns 


'cc 


Control Pulse Width(PSEN, RD.WR) 




400 






ns 


L DW 


Data Setup Time (WR) 




420 






ns 


'WD 


Data Hold Time (WR) 


c L=20pF 


80 






ns 


L CY 


Cycle Time 




2 ■ 5 




15. 


US 


t 

DR 


Data Hold Time (PSEN, RD) 









200 


ns 


'rD 


Data Input Read Time (PSEN, RD) 








400 


ns 


'aw 


Address Setup Time (WR) 




230 






ns 


'ad 


Address Setup Time (Data Input) 








600 


ns 


'afc 


Address Float Time (RD, PSEN) 




-40 






ns 


'CA 


Internal between Control Pulse 
and ALE 




10 






ns 


'CP 


Port Control Setup Time (PROG) 




115 






ns 


'pc 


ruit IjOul to a no J. a l line ytr kul> ) 




65 








'PR 


Port 2 Input Data Set Time (PROG) 








860 


ns 


'dp 


Output Data Setup Time (PROG) 




230 






ns 


'pD 


Output Data Hold Time (PROG) 




25 






ns 




Port2 Input Data Hold Time (PROG) 









160 


ns 


tpp 


PROG Pulse Width 




920 






ns 


'PL 


Port 2 I/O Data Setup Time 




300 






ns 


'LP 


Port 2 I/O Data Hold Time 




120 






ns 



Note : tcy=2.5us, Control Output: C L =80pF, BUS Output: C L =150pF, PORT 20 - 23: 
C L =80pF. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 



TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 



ALE 



PSEN 



BUS 



Address 



AL 



tAFC 



tec 



tCA 



r 



{ 



C AD 



RD 



Instruction 



B. Read from External Data Memory 
J \ 



ALE 



RD 



BUS 



c cc 



Address - 



C AFC 





W////////M 




I'RD 


tAD 



Data 



C. Write into External Data Memory 



ALE 
BUS 



Address' 



C CC 



X -X 



t — V 

' r CA V 



C AW 



. t DW _ ^WD 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 



D. Timing of Port 2 during Expander Instruction Execution 



ALE 
PORT20 



~n — ™ — Y 

PORT23 '> l*f- 

(Output Data) 
P0RT20 



Port 



PORT23 



'LP 



Port 
Cont 



DP 



trol- X ^tput Vata_ {~ 



20-23 
Data 



-^Coniroll{ * ) 



(Input Data) Port 20^-23 



PROG 



* Input Enabled State 




'''PC 



-PF 



Input Data 



TYPICAL CHARACTERISTICS 
1) BUS:I 0H - V 0H 



-50 



1 -30 



-500 



-300 



-100 











V DD=VCC=5V 
TA=25°C 



















































5 2 v „ (V) 4 

2) PI, P2:I 0H -V 0H 









VDD=VCC=5V 
TA=25°C 



















































V OH (V) 



3) BUS, PI, P2: Iql " V 0L 



50 









VDD=V CC =5V 
TA=25°C 



















































2 A 
V OL (V) 
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INTEGR ATEDC I RCUIT 

TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 



PROGRAM TAPE FORMAT 

TMI'8084 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Intel type object tape (hexadecimal tape output by Intel MDS system, 
CD Tape Format PROMPT 48 Development Tool, etc.) 



Comments 

TcrT 



(LF) 



(CRT 



(LP) 



(CR) 



CLF) 



■Leader, 50 "NULL" characters or more 

Comment (Record mark ":" is not included) 



Record Mark 

Record Length (2 hexadecimal digits) 
Loading Address (4 hexadecimal digits) 



Option 



"00" 

Record Type (2 Digits) "oi" 
Data 



. . . . Normal Record 

End of File Record 



Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are 
optional. 

Record Mark (Repeated below) 



J; | Trailer, 50 "NULL" characters or more 



(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 

:100000000665C7D79CF50F3F951FED55A8FF16E570 

:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 

:lOOO20O04FFlFB5DFFDAA96A99CF7DF94A346B7C09 

:lOOO3OOO197352F729F12F79AA9C057C5B851EED77 



:1003C0005DFDB5E556A672 77F61A51C631CF9F0E80 
:1003DOOOBD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
:lO03EO0OB53D42EOEC32546025B73O8CDD52063DlD 
:10O3F000B4BE9E9E345B6138060B20VC372BF60BD6 
:00000001FF 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP8048P/8048PI 
TMP8035P/8035PI 



OUTLINE DRAWING 



40 39 38 37 36 35 34 3332 31 3029 28 27 2ft 25 24 23 2221 

Y ^ ^ y ^ y y y T ^ ^ ^ y T ^ s? ""I** "f* 



1 2 3 4 5 6 7 8 9 10 11 121314 15 1617 1819 20 



Unit in mm 




123456789 10 11 121314 151617 1819 20 
50.7±0.15 



(Note 1) 
15.24±0.1 



0.25+0.1 



15.00^ 17.8 



(Note 2) 



Note : 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.54 and the tolerance is +0.25 from the 
theroretical center of each lead obtained having No.l lead and 
No. 40 lead as the reference. 



Note : Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
cricuitry . 

© June 1981 Toshiba Corporation 
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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

Tr'P8049P/8049:>-6/8049PI-6 
TMP8039P/8039 '-6/8039PI-6 
N-CHANNEL SILICON GATE MOS 



8-BIT SINGLE-CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 



The TMP8049P, from here on referred to as the TMP8049, li a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 * 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8049 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP8039P is the equivalent of a -TMP8049 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 

The TMP8049P-6/TMP8039P-6 is a lower speed (6MHz) version of the 
TMP8049P/TMP8039P. 



FEATURES 

• Compatible with Intel's 8049 

• 1.36uS Instruction Cycle 

• All instruction 1 or 2 cycles 

• Over 90 instructions; 70% single byte 
. Easy expandable memory and I/O 

• 2K x 8 masked ROM 



PIN CONNECTIONS (Top View) 



T c 1 
XTALl C 2 
XTAL 2 C 3 
RESET C 4 
5S C 5 
INT I 6 
EA C 7 

RD C 8 

PSEN C 9 
WR C 10 
ALE C 11 
DBo c 12 
DB! C13 
DB, C 14 
DB3CI5 
DB 4 C 16 
DB 5 qi7 



DB.C 



(ov) v ss 



18 



20 



128 x 8 RAM 
27 I/O lines 

Interval Timer/ Event Counter 
Single level interrupt 
Single 5V supply 

-40°C to +85°C Operation (TMP8049PI-6/ 
TMP8039PT-6 : Industrial Specification) 



4 
39 
38 
37 
3ft 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
2 3 
22 
21 



3 V CC (+5V) 
Tl 

P27 

P 26 
P 25 

p 24 

p 17 



w 

15 
Pl4 
PI 3 

'12 

'11 
PlO 

V DD(+5V) 
PROG 

'23 
'22 
•21 



20 
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BLOCK DIAGRAM 
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Tempo- 
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SI 



Flags 



Instruc- 
tion Re- 
gister/ 
Decoder 



PSW 



RAM Address 
Register 



Timer 
Flag 



Accumulator 
Bit Test 



Control and Timing Circuit 
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Note 1) The lower order 4 bits of 
port 2 output latch are 
used also for input/output 
operations with the I/O 
expander . 

Note 2) The output latch of port 
is also used for address 
output . 
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PIN NAMES AND PIN DESCRIPTION 



Vss (Power Supply) 

Circuit GND potential 
V DD (Power Supply) 

+5V during operation Low power standby pin for TMP804! 1 RAM 
Vcc (Main Power Supply) 

+5V during operation 
PROG (Output) 

Output strobe for the TMP8243P I/O expander 
p 10~ p 17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 50K°. ). 
P 20~ P 27 ( In P ut /Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup s 50K°. ). 

P20~P23 Contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBq -DBy (Input/Output, 3 State) 

Ture bid ire ctional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

T (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. To can be designated as a clock output using EN TO CLK instruction. 

tj (Input) 

Input pin testable using the JT1 and JNT1 instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as s Write Strobe to 
External Data Memory. 
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IRS 


TECHNICAL DATA 







RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS~ (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter- 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 



the TMP8049 are described in detail. 

(6) Stack (Stack Pointer) 

(7) Flag 0, Flag 1 

(8) Program Status Word (PSW) 

(9) Reset 

(10) Oscillator Circuit 

(1) Program Memory 

• The maximum memory that can be directly addressed by the TMP8049 is 
4096 bytes. The first 2048 bytes from location through 2047 can be 
internal resident mask ROM. The rest of the 2048 bytes of addressable 
memory are external to the chip. The TMP8039 has no internal resident 
memory; all memory must be external. 
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1. System Configuration 

The following system functions of 

(1) Program Memory 

(2) Data Memory 

(3) I/O Port 

(4) Timer/Counter 

(5) Interrupt Control Circuit 
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TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



• There are three locations in Program Memory of special importance. 

Address 
4095 



2048 
2047 







Program Memory Area 

• Location 

Activating the Reset line of the processor causes the first instruc- 
tion to be fetched from Location 0. 

• Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

• Location 7 

A timer/counter interrupt resulting from a timer/co jnter overflow 
(if enabled) causes a jump to a subroutine defined iy address held 
in Location 7. 

• Program addresses 0-2047 and 2048-4095 are called memory banks 

and 1 respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction execu:ed after using 
SEL MB0 or SEL MB1. 

Reset operation automatically selects Bank 0. 
(2) Data Memory 

• Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits wide. 

• The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 

By executing a Register Bank switch instruction (SEL RBI' locations 24 - 31 
are designated as the working registers in place of - 7. 
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Address 
127 



24 
23 



Data Memory 



Resister Bank 1 
RBI 



8 Level Stack 
(16 byte) 



Resister Bank 
RBO 



Internal Data Memory Area 



• RAM locations 8-23 serve a dual role in that they contain' the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

• ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Register array. 

• The TMP8049 architecture allows extension of the Data Memory to 256 words. 

(3) Input/Output Ports 

• The TMP8049 has 27 I/O lines which can be used for either 'input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con- 
ditional jump instructions. 

• Ports 1 and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

• All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
ccmtinously pulled to a +5V level through a high impedance resistive device 
(50K°.) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL j|ate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 

to "1" transition a low impedance device (5K&) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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TMP8049P/8049P-e/8049PI-6 
TMP8039P/8039P-e/8039PI-6 



ANL, ORL 



+5V +5V 



Internal Bus 



Write Pulse- 




□ 50k!5 I/O pins 
Portl or 2 



Fig.l Input/Output Circuit of Port 1, Port 



■ Reset initializes all lines to a high impedance 1 state. 

• When external data memory area is not addressed during execution of an 
internal program, Port (DBO - DB 7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 

a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

• As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

• As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the WR RD strobes. 

• When not being written or read, the Bus lines are in a high impedance 
state. 



(4) Timer/Event Counter 

• The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 
Timer mode 
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TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 

■ 



(2) External input clock form Tl terminal 

(minimum cycle time 3 * ALE cycle) 

Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial- 
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CNT. Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped by a STOP TCNT instruction or 
RESET, 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF) . The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 



XTAL/15- 



1/32 

Pre-scaler 



Timer Overflow Flag 
Flip- Flop 



Cleared on Start Time 



STOP TCNT O 





8-Bit Timer/ 
Counter 



STRT CNT 



JTF Instruction 



Timer Interrupt 
Request Flip-Flop 



Read/Write Enable 




INT 



Timer Interrupt Enable 



Fig. 2 Concept of Timer Circuit 
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Instructio 



Timer Overflow 
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Execution 
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EN I 

Instruction ' 




r c e i 

" u r.l b 



Conditional Jump Logic 



Jen tcmt i — 

Instruction 



Reset - 



6 



DIS 1 
Instruction 



DIS TCNT1 
Instruction 




RETR 
Inst ruc- 
tion 



S a. X i Q 



R C 01 3 



CLK 




D 







Q 


CLR 





External inter- 
rupt Recognized 



Timer interrupt 
Recognized 



Execution of Inter- 
rupt Call Instruction 



Fig. 3 Concept of Interrupt Control Circuit 



(5) Interrupt Control Circuit 

. There are two distinct types of Interrupts in the TMP8(K9. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 
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The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

An interrupt sequence is initiated by applying a low .level "0" to the INT 
pin. INT is level triggered and active low which -allows "Wire Oring" of 
several interrupt sources. The interrupt level is -sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca- 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

When an overflow occurs in the internal timer/event eounter an interrupt 
request is generated which is reserviced as outlined in, previous paragraph 

except that a jump to Location 7 is used instead of 3. If INT and times 

overflow occur simultaneously then external request INT takes precedence. 

If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 
A "l" to "0" transition on Tl will cause an interrupt vector to Location 7. 

The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between and 204 7, i,e., Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 



(6) Stack (stack Pointer) 

■ An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

• The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre- 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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PSW 



PC4 i> 7 



PC8 ^ 11 



PCO^ 3 



Stack 
Pointer 
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17 
16 
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RAM 

Add-ess 



(7) Flag 0, Flag 1, (FO, Fl) 

• The TMP8049 has two flags FO and Fl which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

. FO is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 



(8) Program Status Word (PSW) 

■ An 8-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PfiW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 
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Stack Pointer 



c 


AC 


FO 


BS 


: , 


S2 


Si 


*0 



MSB I II I LSB 



Saved in stack area Spare ("1" during Read) 
at the time of Sub- 
routine Call. 



Bits 0-2 
Bit 3 
Bit 4 



Bit 5 
Bit 6 



Bit 7 



(9) Reset 



Stack Pointer Bits(So, S\, S2) 

Not used ("1" level when read. ) 

Working Register Bank Switch Bit 
(BS) 

= Bank 

1 = Bank 1 
Flag (FO) 

Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Carry (C) flag which indicates that the previous 
operation has resulted in the accumulator. 

(C) 



The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup resistor which in 
combination with an external luF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 



luF 



T 
J 



-C RESET 
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If the pulse is generated externally the reset pin must be held at ground 
(10. 5V) for at least 50mS after the power supply is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and Fl . 

(xi) Disables clock output TO. 



(10) Oscillator Circuit 



TMP8049 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

+5V 



lOpF 



lOpF 
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TTL Gate 
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XTAL 1 



XTAL 2 



2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 



306 



TOSHIBA CORPORATION 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



(1) Instruction Cycle 

• The instructions of TMP8049 are executed in one or two machine cycles, 
and' one machine cycle consists of five states. 

• Fig. 4 illustrates its relationship with the clock input to CPU. 

. $2 clock shown in Fig. 4 is derived to outside by EN TO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Program Memory Access 

• TMP8049 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address in mode (3). 

. In the external program memory access operation, the following will occur 

■ The contents of the 12-bit program counter will be output on BUS(DB0 - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

• Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

• BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

■ Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 



• In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

. The contents of RO Rl is output onto BUS (DBO - DB7). 

• ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

• A read RD or write WR pulse on the corresponding output pins indicates 
the type of dat a memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

■ Data (8-bits) is transferred over BUS. 
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Fig. 4 Instruction Cycle Timing 
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Fig. 5 Timing of External Program Memory Access 
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Fig. 6 Timing of Accessing External Data Memory 
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• Figure 6 illustrates the timing of accessing the extenal data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

. The TMP8049 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8049. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. iDach transfer con- 
sists of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits o " data. 



+12V 
EA 0V_/ 

RESET OV 



ALE 



DBO - DB7 Inp^t^lnternal 




Input of Internal 
ROM Address 



P20, P21 



Input of Internal ROM Address 



Fif>.7 Tining of Rading Internal Program Memory 

5V 



J. 



Input of Internal 
ROM Address 




10K £ 



ss 

RUN -J 





5V — 


d S Q 
74 

T R Q 















. ALE 



Fig.8-(a) Single Step Circuit 
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(4) Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

■ Figure 7 illustrates the timing diagram for this operation. 



(5) Single Step Operation. 

• A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

■ A D-type flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single st^p, 
set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

• The timeing deagram in this case is as shown in Figure 8 (b) . (EA = 5V) . 



(6) Lower Power Stand-by Mode. 

• The TMP8049 has been organized to allow power to be removed from all but 
the volatile, 128 * 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to 0V but Vnn 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 



SS 



7 V 



ALE \ / [ _! For two 

Instruction Input instruction 

DBO - DB7 Address (PC) ) — ( ) ( Address (PC+1) 



P20-P23 Address (PC) X X Addres s (PC+1) 



Port 20 - 2 3 
Data 



Fig. 8(b) Single Step Operation Timing 
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IKJTP^DATFnriPTI IIT 


TMP8049P/8049P-li/8049PI-6 




TMP8039P/8039P-(i/8039PI-6 


HI 2 TECHNICAL DATA 





INSTRUCTION 
ACCUMULATOR 



INSTRUCTION 



Mnemonic 






Instruction 


Code 






Operation 


Bytes 


Cycles 


Fl 


ag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


ADD A,Rr 





1 


1 





1 


r 


r 


r 


(A)^(A)+(Rr) 
r = 0- 7 


1 


1 


o 


o 


ADD A,@Rr 





1 


1 














r 


(A)-<-(A)+(Rr) 
r = 0, 1 


1 


1 


o 


o 


ADD A, //Data 



d7 




d6 




d5 



d4 




d3 




d2 


1 
dl 


1 

dO 


(AWA)+Dal a 


2 


2 


o 


o 


ADDC A,Rr 





1 


1 


1 


1 


r 


r 


r 


(A)*(A)+(Rr)+(C) 
r = 0- 7 


1 


1 


o 


o 


ADDC A,@Rr 





1 


1 


1 











r 


(A)^(A)+((Rr))+(0 
r = 0, 1 


1 


1 


o 


o 


ADDC A,#Data 




d7 



d6 



d5 


1 

d4 




d3 




d2 


1 

dl 


1 

dO 


(A)<-(A)+Data+(C) 


2 


2 


o 


o 


ANL A,Rr 





1 





1 


1 


r 


r 


r 


(AWA)A(Ri) 
r = - 7 


1 


1 






ANL A,@Rr 





1 





1 











r 


(A)<-(A)A((Ir)) 
r = 0, 1 


1 


1 






ANL A, //Data 




d7 


1 

d6 



d5 


1 

d4 




d3 



d2 


1 

dl 


1 

dO 


(A)«-(A)ADat a 


2 


2 






ORL A,Rr 





1 








1 


r 


r 


r 


(A)*(A)V(R,) 
r = - 7 


1 


1 






ORL A,@Rr 





1 

















r 


(AK(A)V((Pr)) 
r = 0, 1 


1 


1 






ORL A, //Data 


o 

d7 


1 

d6 


o 

d5 



d4 




d3 


o 

d2 


1 

dl 


1 

dO 


(A)- | -(A)VData 


2 


2 






XRL A.Rr 


1 


1 





1 


1 


r' 


r 


r 


(A^(A)V(Ri) 
r = - 7 


1 


1 


- 


- 


XRL A, @Rr 


1 


1 





I 











r 


(AH(A)V((Fr)) 
r - 0, 1 


1 


1 


_ 


_ 


XRL A, //Data 


1 

d7 


1 

d6 



d5 


1 

d4 



d3 




d2 


1 

dl 


1 

dO 


(A^CA^Data 


z 








INC A 








0» 


1 





1 


1 


1 


(A)*(A)+1 


1 


1 






DEC A 

















1 


1 


1 


(A)*(A)-1 


1 


1 






CLR A 








1 








1 


1 


1 


(A)-^O 


1 


1 






CPL A 








1 


1 





1 


1 


1 


(A)-i-NOT (A) 


1 


1 






DA A 





1 





1 





1 


1 


1 


Decimal Adjust 
Accumulator 


1 


1 


o 




SWAP A 





1 











1 


1 


1 


(A4-7)?(A0-3) 


1 


1 
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^/osfuba 
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Mnemonic 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


C 


AC 


RL A 


1 


1 


1 








1 


1 


1 


(An+l)+-(An) 
n = - 6 
(A0WA7) 


1 


1 






RLC A 


1 


1 


1 


1 





1 


1 


1 


(An+l)<-(An) 
n = 0- 6 
(C)i-(A7) 
CAOMC) 


1 


1 






RR A 





1 


1 


1 





1 


1 


1 


(An)^(An+l) 
n = 0-6 
(A7KCA0) 


1 


1 






RRC A 





1 


1 








1 


1 


1 


(An)i-(An+l) 
n = -6 
(C)^(AO) 
(A?)*(C) 


1 


1 







Input/Output Instruction 





Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


Mnemonic 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


A 


AC 


IN A,Pp 














1 





P 


P 


(A)-(Pp) 
P = 1, 2 


1 


2 






OUTL Pp,A 








1 


1 


1 





P 


P 


(PpK(A) 
P - 1, 2 


1 


2 






ANL Pp,#Data 


1 

d7 




d6 



d5 


1 

d4 


1 

d3 



d2 


P 
dl 


P 

dO 


(Pp)i-(Pp)AData 
P = 1, 2 


2 


2 






ORL Pp,//Data 


1 

d7 




d6 




d5 




d4 


1 

d3 



d2 


P 
dl 


P 
dO 


(Pp)+-(Pp)VData 
P = 1, 2 


2 


2 






INS A, BUS 














1 











(A)<-(BUS) 


1 


2 






OUTL BUS, A 




















1 





(BUS)«(A) 


1 


2 






ANL BUS, //Data 


1 

d7 




d6 




d5 


1 

d4 


1 

d3 



d2 



dl 




dO 


(BUSH(BUS)AData 


2 


2 






ORL BUS, //Data 


1 

d7 




d6 



d5 



d4 


1 

d3 




d2 




dl 




dO 


(BUS)*(BUS)vData 


2 


2 






MOVD A.Pp 














1 


1 


P 


P 


(AO-3)*-(Pp) 
(A4-7)+0 
P = 4 - 7 


1 


2 






MOVD Pp,A 








1 


1 


1 


1 


P 


P 


(Pp)<-(A0-3) 
P = 4 - 7 


1 


2 
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Mnemonic 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


ANLD Pp,A 


1 








1 


1 


1 


P 


P 


(P P H(Pd)A.:aO-3) 
P = 4 - 7 


1 


2 






ORLD Pp,A 


1 











1 


1 


P 


P 


(Pp)<-(Pp)ViA0-3) 
P = 4 -7 


1 


2 







Register Instruction 



Mnemonic 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


c 


AC 


INC Rr 











1 


1 


r 


r 


r 


(RrH(Rr)+l 
r = - 7 


1 


1 






INC @Rr 











1 











r 


<(Rr))«-((Rr))+l 
r = 0, 1 


1 


1 






DEC Rr 


1 


1 








1 


r 


r 


r 


(Rr)-(Rr)-l 
r = - 7 


1 


1 







Branch Instruction 



Mnemonic 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


JMP Address 


alO 
a7 


a9 
a6 


a8 

a5 


1 

a4 




a3 


1 

a2 




al 




aO 


(PCO-7H(aO-7) 

(PC8-10)<-(a3-10) 

(PCll)i-DBF 


2 


2 






JMPP @A 


1 





1 


1 








1 


1 


(PCO-7)-h((AO 


1 


2 






D.TNZ Rr, 
Address 


1 

a7 


1 

a6 


1 

a5 




a4 


1 

a3 


r 

a2 


r 

al 


r 
aO 


(Rr)*(Rr)-l 
if Rr not 
(PC0-7)<-(a0- 7) 


2 


2 






JC Address 


1 

a7 


1 

a6 


1 

a5 


1 

a4 



a3 


1 

a2 


1 
al 




• aO 


(PCO-7)*(aO- 7) 
if C = 1 
(PC) = (PC)H-2 
if C = 


2 


2 






JNC Address 


1 

a7 


1 

a6 


1 

a5 




a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)*(aO-7) 
if C = 
(PC)-(PC)+2 
if C = 1 


2 


2 
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TMP8049P/8049P-6/8049PI-6 






THP8039P/8039P-6/8039PI-6 




fUS TECHNICAL DATA 





Mnemonic 


Instruction 


Operat ion 


Bytes 


Cycles 


Fl 




D7 


D6 


D5 


D4 


1)3 


D2 


Dl 


DO 


C 


AC 


JZ Address 


1 

a7 


1 

a6 




a5 



a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7K(aO-7) 
if (A) - 
(PC)- (PC)+2 
if (A) * 


2 


2 


- 


- 


JNZ Address 


1 

a7 




a6 




a5 


1 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)-(aO-7) 
if (A) * 
(PC)<-(PC)+2 
If (A) * 


2 


2 


- 


- 


JTO Address 




a7 



a6 


1 

a5 


1 

•4 



a3 


1 

a2 


1 

al 




aO 


(PCO-7)-(aO-7) 
if TO m 1 
(PC)«-(PC)+2 
if TO = 


2 


2 


- 


- 


JNTO Address 




a7 



a6 


1 

a5 







a3 


1 

a2 


1 

al 




aO 


(PCO-7)*(aO-7) 
if TO = 
(PC)+(PC)+2 
if TO = 1 


2 


2 


- 


- 


JT1 Address 




a7 


1 

a6 



a5 


1 

a4 



a3 


1 

a2 


1 

al 




aO 


(PCO-7)-(aO-7) 
if Tl = 1 
(PC)--(PC)+2 
if Tl - 


2 


2 


- 


- 


JNT1 Address 




a7 


1 

a6 




a5 



a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)-(aO-7) 
if Tl = 
(PC)-(PC)+2 
if Tl - 1 


2 


2 


- 


- 


JFO Address 


1 

a7 



a6 


1 

a5 


1 

a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)- (aO-7) 
if FO = 1 
(PC)--(PC)+2 
if FO = 


2 . 


2 


- 


- 


JF1 Address 




a7 


1 

a6 


1 

a5 


1 

a4 




a3 


1 

a2 


1 

al 




aO 


(PCO-7)« (aO-7) 
if Fl - 1 
(PC)*(PC)+2 


2 


2 


- 


- 




















if Fl = 










JTF Address 




a7 




a6 



a5 


1 

aA 



a3 


1 

a2 


1 

al 




aO 


(PCO-7)-(aO-7) 
If TF - 1 
(PC)- (PC)+2 
if TF - 


2 


2 


- 


- 


ffcll A A A 

JN1 Address 


i 

a7 




a6 



a5 




a4 




a3 


1 

a2 


1 

al 




aO 


(PCO- 7)-(aO- 7) 
if INT = 
(PC)«-(PC)+2 
if INT = 1 


2 


2 






JBb Address 


b2 
a7 


bl 
a6 


bO 
a5 


1 

aA 




a3 



a2 


1 

al 



aO 


(PCO-7)^<aO-7) 
if Bb = 1 
(PC)-(PC)+2 
if Bb = 
(b - -7) 


2 


2 
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fH2 TECHNICAL DATA 







Subroutine Instruction 



Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


C 


AC 


CALL Address 


alO 
a7 


a9 
a6 


a8 
a5 


1 

a4 




a3 


1 

a2 




al 




aO 


((SP))- 

(PC) , (P:3W4-7) 
(SP)<-(SP)-H 
(PC8-10)+;a8-10) 
(PCO-7)^(aO-7) 
(PC11KDB:- 


2 


2 






RET 


1 

















1 


1 


(SP)<-(SP)--1 

(pc)+((sp;i) 


1 


2 






RETR 


1 








1 








1 


1 


(SP)t-(SP)- 1 

(pc)-<-((sp;>) 

(PSW4-7)*'(SP)) 


1 


2 






Flag Manipulation Instruction 


Mnemonics 






Ins 


t ruction Code 






Operation 


Bytes 


Cycles 


Fl 


ag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


CLR C 


1 








1 





1 


1 


1 


(CKO 


1 


1 


o 




CPL C 


1 





1 








1 


1 


1 


(C)-f-NOT(C) 


1 


1 


o 




CLR FO 


1 














1 





1 


(F0)<-0 


1 


1 






CPL FO 


1 








1 





1 





1 


(FO)-NOT(FO) 


1 


1 






CLR Fl 


1 





1 








1 





1 


(F1K0 


1 


1 






CPL Fl 


1 





1 


qj 1 





1 





1 


(Fl)i-NOT(fl) 


1 


1 






Data Transter 


Instruction 


















Mnemonics 






Ins 


truction Code 






Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


MOV A,Rr 


1 


1 


1 


1 


1 


r 


r 


r 


(A)-(Rr) 
r = 0- 7 


1 


1 






MOV A,@Rr 


1 


1 


1 


1 











r 


(A)^((Rr)) 
r = 0, 1 


1 


1 






MOV A, //Data 



d7 



d6 


1 

d5 



d4 




d3 



d2 


1 

dl 


1 

dO 


(A)^Data 


2 


2 






MOV Rr,A 


1 





1 





1 


r 


r 


r 


(Rr)-<A) 
r = 0- 7 


1 


1 
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TMP8049P/8049P-6/8049PI-6' 
THP8039P/8039P-6/8039PI-6 



Mnemonics 






Instruction 


Code 






Operat ion 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


1)1 


DO 


C 


AC 


MOV @Rr,A 


1 





1 














r 


((Rr))-KA) 
r = 0, 1 


1 


1 






MOV Rr,#Data 


1 

d7 



d6 


i 

d5 


1 

d4 


1 

d3 


r 

d2 


r 
dl 


r 
dO 


(Rr)-<-Data 
r = - 7 


2 


2 






MOV @Rr, #Data 


1 

d7 



d6 


1 

d5 


1 
d4 




d3 



d2 



dl 


r 

dO 


((Rr))*Data 
r = 0, 1 


2 


2 






MOV A.PSW 


1 


1 











1 


1 


1 


(A)-i-(PSW) 


1 


1 






MOV P<1U A 




1 





H 





1 


1 


1 


(PSW)-'-(A) 


1 


1 


- 


- 


XCH A, Rr 








1 





1 


r 


r 


r 


(A)J(Rr) 
r = - 7 


1 


1 






XCH A,@Rr 








1 














r 


(A)J((Rr)) 
r = 0, 1 


1 


1 






XCHD A,@Rr 








1 


1 











r 


(AO-3)J((RrO-3)) 
r = 0, 1 


1 


1 






MOVX A,@Rr 


1 




















r 


(A)«-( (Rr) ) 
r = 0, 1 


1 


2 






MOVX @Rr,A 


1 








1 











r 


((Rr))*(A) 
r = 0, 1 


1 


2 






MOVP A,@A 


1 





1 











1 


1 


(PCO-7)i-(A) 
(A)^((PC)) 


1 


2 






MO VP 3 A,@A 


1 


1 


1 







' — 





1 


1 


(PC0-7)«-(A) 
(PC8-11)*0011 
fAt-^-f < PC) ) 


1 


2 






Timer/Counter Instruction 




















Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 




C 


AC 


MOV A,T 





1 














1 







1 


1 






MOV T,A 





1 


1 











1 





(T)*(A) 


1 


1 






STRT T 





1 





1 





1 





1 


Counting is 
started in the 
timer mode 


1 


1 






STRT CNT 





1 











1 





1 


Counting is 
started in the 
event counter 
mode 


1 


1 
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TMP8049P/8049P-6/8049PI-6 
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Mnemonics 


Instruction Code 


<J ptr L ell 1U [1 


By t es 


Cy c 1 e s 


Flag 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


C 


AC 


STOP TCNT 





1 


1 








1 





1 


Stop both time 
accumulation and 
event counting 


i 


i 






EN TCNT1 








1 








1 





1 


Timer inte rrupt 
is enablec 


i 


i 






DIS TCNT1 








1 


1 





1 





1 


Timer interrupt 
is disabled 


i 


i 







Control Instruction 



Mnemonics 


Instruction Code 


Operation 


Bytes 


Cycles 


Flag 




D7 


'D6 


D5 


D4 


D3 


D2 


Dl 


DO 


C 


AC 


EN I 

















1 





1 


External inter- 
rupt is enabled 


1 


1 






DIS I 











1 





"l 





1 


External inter- 
rupt is disabled 


1 


1 






SEL RBO 


1 













1 





1 


(BS)-O 


1 


1 






SEL RBI 


1 







1 





1 





1 


(BSH1 


1 


1 






SEL MBO 


1 




1 








1 





1 


(DBF) <-0 


1 


1 






SEL MB1 


1 




1 


1 





1 





1 


(DBF)<-1 


1 


1 






ENTO CLK 







1 


1 





1 





1 


Tq is enabled to 
act as the clock 
output 


1 


1 






NOP 


























No operation 


1 


1 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vrm 
DD 


^DD Supply Voltage (with respect to GND (Vgg)) 


-0. 5V to +7V 


v C c 


V CC Supply Voltage (with respect to GND (Vgs)) 


-0.5V to +7V 


V INA 


Input Voltage (Except EA) 


.-0.5V to +7V 


VlNB 


Input Voltage (Only EA) 


-0.5V to +13V 


PD 


Power Dissipation (Ta=25°C) 


1. 5W 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec. ) 


260° C 


TSTG 


Storage Temperature 


-55*C to 150°C 


T OPR 


Operating Temperature 


0°C to 70° C 



DC CHARACTERISES 



TA=0°C to 70°C, V CC =V TO =+5V±10%, V ss =0V, Unless Otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


VlL 


Input Low Voltage 




-0.5 




0.8 


V 


VlH 


Input High Voltage 

(Except XTAL1, XTAL2, RESET) 




2.0 




VCC 


V 


V IH1 


Input High Voltage 
(XTAL1, XTAL2, RESET) 




3.8 




V CC 


V 


Vol 


Output Low Voltage (BUS) 


I OL=2.0mA 






0.45 


V 


V L1 


Output Low Voltage 
(RD, WR, PSEN, ALE) 


T0L=1.8mA 






0.45 


V 


V L2 


Output Low Voltage (PROG) 


ToL=1.0mA 






0.45 


V 


VoL'3 


Output Low Voltage 
(For other output pins) 


x OL= 1.6mA 






0.45 


V 


V H 


Output High Voltage (BUS) 


I OH=-400pA 


2.4 






V 


V 0H1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


I OH=-100yA 


2.4 






V 


V OH2 


Output High Voltage 
(For tothe output pins) 


ToH^OuA 


2.4 






V 


: LI 


Input Leak Current (Tl , INT) 


v ssS v inSv cc 






±10 


uA 




Input Leak Current 
(P10-17, P20-P27, EA, SS) 


V SS +0.455V IN <V CC 






-500 


uA 


Ilo 


Output Leak Current (BUS, TO) 
(High impedance condition) 


V ss +0.45iV IN iv cc 






±10 


uA 




V DD Supply Current 








50 


mA 


Idd+Icc 


Total Supply Current 








170 


HlA 
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^3 INTEGRATEDCIRCUIT 


TMP8049P/8049P-(>/8049PI-6 


lit 2 TECHNICAL DATA 


TMP8O39P/8O39P-(./8039PI-6 





AC CHARACTERISTICS 



TA=0°C to 70° C, V CC =V DD =+5V+10%, V ss =0V, Unless Otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITION 


TMP8049P/ 
TMP8039P 


TMP8049P-6/ 
TMP8039P-6 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


'LL 


ALE Pulse Width 




150 




400 




ns 


'AL 


Address Setup Time (ALE) 




70 


- 


150 




ns 


'LA 


Address Hold Time (ALE) 




50 


- 


80 


- 


ns 


tec 


Control Pulse Width 
(PSEN, RD, WR) 




300 


- 


700 


- 


ns 


'dw 


Data Setup Time (WR) 




250 




500 




ns 


'WD 


Data Hold Time (WR) 


c L=20pF 


40 




120 




ns 


'cY 


Cycle Time 


11MHz XTAL 

(6MHz XTAL for -6) 


1. 36 


15.0 


2.5 


15.0 


ys 


'dr 


Data Hold Time (PSEN, ~RD) 







100 





200 


ns 


'RD 


Data Input Read Time 
(PSEN, RD) 




- 


200 


- 


500 


ns 


'AW 


Address Setup Time (WR) 




200 


~ 


230 


- 


ns 


'ad 


Address Setup Time 
(Data Input) 






400 




950 


ns 


'AFC 


Address Float Time 
(RD, PSEN) 




-10 









ns 


'cp 


Port Control Setup Time 
(PROG) 




100 


- 


110 




ns 


'PC 


Port Control Hold Time 
(PROG) 




60 




130 




ns 


'PR 


Port 2 Input Data Set Time 
(PROG) 






650 




810 




C DP 


Output Data Setup Time 
(PROG) 




200 




220 




ns 


'PD 


Output Data Hold Time 
(PROG) 




20 




65 




ns 


tpp 


Port 2 Input Data Hold Time 
(PROG) 







150 





150 


ns 


tpp 


PROG Pulse Width 




700 




1510 




ns 


'PL 


Port 2 I/O Data Setup Time 




250 




500 


ns 


'LP 


Port 2 I/O Data Hold Time 




120 




150 


ns 



Control Outputs : C L =80pF, BUS Outputs : Ci/=150pF 
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{/olhitm 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



[TMP8049PI-6/8039PI-6 : INDUSTRIAL SPECIFICATION. | 
ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


V D D 


V^D Supply Voltage (with respect to GND (V ss )) 


■ -0.5V to +7V 


v C c 


V CC Supply Voltage (with respect ro GND (V ss )) 


-0.5V to +7V 


V INA 


Input Voltage (Except EA) 


-0.5V to +7V 


VlNB 


Input Voltage (Only EA) 


-0.5V to +13V 


P D 


Power Dissipation (Ta=25°C) 


1.5W 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec.) 


260° C 


T STG 


Storage Temperature 


-55°C to 150°C 


T OPR 


Operating Temperature 


-40°C to 85°C 



DC CHARACTERISTICS 



TA=-40°C to 85°C [ v cc =V DD =+5Vil0%, V ss =0V, Unless Otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V IL 


Input Low Voltage 




-0. 5 




0. 6 


V 


VlH 


Input High Voltage 

(Except XTAL1, XTAL2, RESET) 




2.2 




v C c 


V 


VlHl 


Input High Voltage 
(XTAL1, XTAL2, RESET) 




3.8 




v C c 


V 


V OL 


Output Low Voltage (BUS) 


ToL'l.emA 






0.45 


V 


V 0L1 


Output Low Voltage 
(RD, WR, PSEN, ALE) 


IOL=1.6mA 






0.45 


V 


V L2 


Output Low Voltage (PROG) 


I OL=0. 8mA 






0.45 


V 


Vol 3 


Output Low Voltage 
(For other output pins) 


I OL=l. 2mA 






0.45 


V 


V 0H 


Output High Voltage (BUS) 


T0H=-80vA 


2.4 






V 


V H1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


I OH=-80uA 


2.4 






V 


V OH2 


Output High Voltage 
(For other output pins) 


I0H=- 30 P A 


2.4 






V 




Input Leak Current (Tl, INT) 


V Ssi V IN^CC 






+10 


MA 


Ilii 


Input Leak Current 
(P10-17, P20-P27, EA, Is) 


V SS +0.45<V IN 5V CC 






-700 


uA 


X LO 


Output Leak Current (BUS, TO) 
(High impedance condition) 


v ss +o.455v IN 5v cc 






±10 


uA 


X DD 


V D n Supply Current 








50 


mA 


I DD +I CC 


Total Supply Current 








170 


mA 
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INTEGRATEDCIRCUIT 

iHS TECHNICAL DATA 



TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



AC CHARACTERISTICS 



|ta=-40°C to 85"C I , V C C=VDD=+5V±10Z, Vss-OV, Jnless otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tLL 


ALE Pulse Width 




200 






ns 


C AL 


Address Setup Time (ALE) 




120 


- 


- 


ns 


'LA 


Address Hold Time (ALE) 




80 


- 


- 


ns 


l CC 


Control Pulse Width (PSEN, RD,WR) 




400 


- 


- 


ns 


'dw 


Data Setup Time (WR) 




420 


— 




ns 


'WD 


Data Hold Time (WR) 


CL=20pF 


81} 


- 


- 


ns 


'CY 


Cycle Time 




2. i 


— 


15.0 


us 


C DR 


Data Hold Time (PSEN, RD) 







- 


200 


ns 


C RD 


Data Input Read Time (PSEN.RD) 




- 


- 


400 


ns 


'AW 


Address Setup Time (WR) 




230 


- 


- 


ns 


'AD 


Address Setup Time (Data Input) 




- 


- 


600 


ns 


'AFC 


Address Float Time (RD, PSEN) 




-40 


- 


- 


ns 


'CA 


Internal between Control Pulse 
and ALE 




10 


- 


- 


ns 


'CP 


Port Control Setup Time (PROG) 




ll.'i 






ns 


C PC 


Port Control Hold Time (PROG) 




6.'i 






ns 


'PR 


Port 2 Input Data Set Time (PROG) 








860 


ns 


'dp 


Output Data Setup Time (PROG) 




230 






ns 


'PD 


Output Data Hold Time (PROG) 




2.'i 






ns 


'PF 


Port2 Input Data Hold Time (PROG) 









160 


ns 


tpp 


PROG Pulse Width 




920 






ns 


'PL 


Port 2 I/O Data Setup Time 




300 






ns 


'LP 


Port 2 I/O Data Hold Time 




120 






ns 



Note : tcy=2.5us, Control Output: C L =80pF, BUS Output: C L =150pF, PORT 20-23: 
C L =80pF. 
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INTcORATcDLIKLUII 


TMP8049P/8U49P-O/8U4UPI-O 
TMP8039P/8039P-6/8039PI-6 






TECHNICAL DATA 







TIMING WAVEFORM 



A. Instruction Fetch from External Program Memory 



ALE 



PSEN 



BUS 



Address 



t AFC 



J 



{ 



31 

\lnsf 



Instruction 



B. Read from External Data Memory 

J V 



ALE 



RD 



BUS 



r — v 



Address - 



DR 



|tRD 



tAD 



Data 



C. Write into External Data Memory 



ALE 



WR 



Address' 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8049P/8049P-(./8049PI-6 
TMP8039P/8039P-f./8039PI-6 



D. Timing of Port 2 during Expander Instruction Execution 



(Output Data) 
PORT20 

% A_ 



Port 



PORT23- 
(Input Data) 

PROG 



PCH 



20-23 
Data 



Port 20 -23 L CP 



Data 



C PD 



ALE I \ 

PORT20 




X 



L PP 



KZ 



Input Data 



* Input Enabled State 



TYPICAL CHARACTERISTICS 
1) BUS:I 0H - V 0H 



-50 
| -30 

PC 

o 

M -10 




-500 









V DD=VCC=5V 
TA=25°C 



















































a 2 v 0H (V) 4 

2) PI, P2:I 0H -V 0H 



-300 



-100 










VDD=VCC=5V 
TA=25°C 



















































YOH (V) 



3) BUS, PI, P2: Iql - V 0L 



50 



*3 • 30 
o 



10 










VDD=VCC=5V 
TA=25°C 



















































2 4 
V 0L ( v ) 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 







PROGRAM TAPE FORMAT 

TMP8049 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Intel type object tape (hexadecimal tape output by Intel MDS system, 
CI) Tape Format PR0MPT 48 Development Tool, etc.) 



J; [Leader, 50 "NULL" characters or more 



Comments 



(CRT 



(IF) 



TcrT 



(LF) 



(CR) 



_£LF)_ 



Comment (Record mark 



is not included) 



Option 



Record Mark 

Record Length (2 hexadecimal digits) 
Loading Address (4 hexadecimal digits) 



"00" Normal Record 

Record Type (2 Digits) " 01 " End of File Record 



Data 



Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are 
optional. 

Record Mark (Repeated below) 



jb [Trailer, 50 "NULL" characters or more 



(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 

:100000000665C7D79CF50F3F951FED55A8FF16E570 

:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 

:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 

:10003000197352F729F12F79AA9C057C5B851EED77 



:1003C0005DFDB5E556A67277F61A51C631CF9F0E80 
:1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
:1003E000B53D42E0EC32546025B7308CDD52063D1D 
: 1003F000B4BE9E9E345B61 38060B20VC372BF60BD6 
.:00000001FF 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8049P/ 8049P- 6/ 8049P I - 6 
TMP8039P/8039P-ii/8039PI-6 



OUTLINE DRAWING 



40 39 38 37 36 35 34 3332 31 3029 28 27 2625 24 23 2221 



1 2 3 4 5 6 7 8 9 10 11 121314 15 1617 1819 20 



Unit in 




1 23456789 10 11 121314 15 1617 1819 20 
50.7+0.15 



(Note 1) 
15.24+0.1 



0.25 



15.00^17.8 



(Note 2) 



Note : 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.54 and the tolerance is +0.25 from the 
theroretical center of each lead obtained having No.l lead and 
No. 40 lead as the reference. 



Note : Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
cricuitry. 

© June 1981 Toshiba Corporation 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8243P/TMP8243PI 
N- CHANNEL SILICON GATE MOS 



INPUT/OUTPUT EXPANDER 
GENERAL DESCRIPTION 

The TMP8243P is an input/output expander designed specifically to provide a low 
cost means of I/O expansion for the TLCS-84 family. 



The I/O ports of the TMP8243P serve as a direct extension of the resident I/O 
facilities of the TLCS-84 microcomputers and are accessed by their own MOVD, 
ANLD, and ORLD instructions. 



FEATURES 



Low cost 

Simple interface to TLCS-84 microcomputers 

Four 4-bit I/O ports 

AND and OR directly to ports 

Single 5V supply 

High output drive 

Direct extension of resident TMP8048P/TMP8049P I/O ports. 
Compatible with intel's 8243 

-40°C to +85°C Operation (TMP8243PI: Industrial Specification) 

BLOCK DIAGRAM 



PIN CONNECTION (TOP VIEW) 



P50 £ 
P40[ 
P4l C 
P42 C 
P4.3L" 

os C 
proql" 
P23L" 
PzzC 
pziC 
P20C 
qndC 



3 vuo 

23 2 P51 
22 2 P52 
21 2 P53 
20 2 P60 
19 2 P61 
18 2 P62 
17 2 P 6 3 
16] PV3 
15] P?2 

14 2 *n 

13] P7C 



P0RT2^V)MUX^ __^. 



ADDRESS 
DECOHDER 



INSTRUC. 
DECODER 



PROG ■ 



JJ 



3 



4 



AND/OR 
LOGIC 



RESET 
CIRCUIT 



a 



LATCH 



INPUT 
BUFFER 



IT) PORT 4 



LATCH 



INPUT 
BUFFER 



—r*> PORT 5 



INPUT 
BUFFER 



LATCH 



INPUT 
BUFFER 



l4^> PORT 6 



4J) POI 
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TMP8243P/TMP8243PI 



TECHNICAL DATA 



PIN NAMES AND PIN DESCRIPTION 
PROG (Input) 

Clock Input. A high to low transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signified that 
data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status . 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains the 
data for a selected output port if a write oepration, or the data from a 
selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vcc (Power) 

+5 volt supply 

GND (Power) 

volt supply 



General Operation 

The TMP8243P contains four 4-bit I/O ports which serve as an extension of the 
on-chip I/O and are addressed as ports 4-7. The following operations may be 
performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

o OR accumulator to port 



FUNCTIONAL DESCRIPTION 
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TMP8243P/TMP8243PI 



fUS TECHNICAL DATA 



All communication between the TMP8048P and the TMP8243P occurs over Port 2 
(P20-23) with timing provided by an output pulse on the PROG pin of the pro- 
cessor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP8243P'S may be added to the 4-bit bus and chip selected using additional 
output lines from the TMP8048P/8035P . 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 
and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 
high or low when power is applied. The first high to low transition of PROG 
causes device to exit power on mode. The power on sequence is initiated if Vcc 
drops below IV. 



P21 


P20 


Address Code 


P23 


P22 


Instruction Code 








Port 4 








Read 





1 


Port 5 





1 


Write 


1 





Port 6 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



Write Modes 

The device has three write modes. MOVD Pi, A directly writes new data into the 
selected port and old data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A takes new data AND's 
it with the old data and then writes it to the port. Operation code and port 
address are latched from the input port 2 on the high to low transition of the 
PROG pin. On the low to high transition of PROG data on port 2 is transferred 
to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 
The old data remains latched until new valid outputs are entered. 
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^^^^^ 


INTEGRATEDCIRCUIT 


TMP8243P/TMP8.?43PI 


HIS 


TECHNICAL DATA 





Read Mode 

The device has one read mode. The operation code and port address are latched 
from the input port 2 on the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, the appropriate outputs are 
3-stated, and the input buffers switched on. The read operation is terminated 
by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the 3-stated mode while port 2 i= returned to the 
input mode. 

Normally, a port will be in an output (write mode) or inpu: (read mode). If 
modes are changed during operation, the first read following a write should be 
ignored; all following reads are valid. This is to allow :he external driver 
on the port to settle after the first read instruction removes the low impedance 
drive from the TMP8243P output. A read of any port will loave that port in a 
high impedance state. 



125 - 




I 1 1 1 1 i i i i i i i i 

1 2 3 4 5 6 7 8 9 10 11 12 13 



MAXIMUM SINK CURRENT ON ANY PINS. 45V 
MAXIMUM Iql WORST CASE PIN(mA) 
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INTEGRATEDCIRCUIT 



TMP8243P/TMP8243PI 




TECHNICAL DATA 



Sink Capability 

The TMP8243P can sink 5 mA@.45V on each of its 16 I/O lines simultaneously. 
If, however, all lines are not sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line increases as is shown by 
the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 
curve shows that each of those 5 lines is capable of sinking 9 mA@.45V (if any 
lines are to sink 9 mA the total IOL must not exceed 45 mA or five 9 mA loads) . 

Example: How many pins can drive 5 TTL loads (1.6 mA) assuming remaining pins 
are unloaded? 



IOL = 5 x 1.6mA= 8mA 
elOL = 60 mA from curve 
#pins = 60 mA t 8 mA/pin =7.5=7 

In this case, 7 lines can sink 8 mA for a total of 56 mA. This leaves 
4 mA sink current capability which can be divided in any way among the 
remaining 9 I/O lines of the TMP8243P. 



Example: This examples shows now the use of the 20 mA sink capability of port 



7 affects the sinking capability of the other I/O lines. 
An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 mA@lV (port 7 only) 

8 loads - 4 mA@.45V 

6 loads - 3.2 mA@.45V 

Is this within the specified limits? 

ElOL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. From the curve: 
for Iol = 4 mA, elOL = 93 mA since 91.2 mA < 93 mA the loads are 
within specified limits. 

Although the 20 mA@ IV. load are used in calculating elOL. it is the 
largest current required @.45V which determines the maximum allow- 
able elQL- 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8243P/TMP824 3PI 



| TMP8243P 
ABSOLUTE 


MAXIMUM RATINGS 


Symbol 


Item 


Rating 


v C c 


V CC Supply Voltage with Respect to GND 


-0. 5V to +7.0V 


VlN 


Input Voltage with Respect to GND 


-0.5V to +7.0V 


v OUT 


Output Voltage with Respect to GND 


-0. 5V to +7.0V 


P D 


Power Dissipation 


800mW 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec.) 


260°'': 


T STG 


Storage Temperature 


-55°C to +150°C 


T OPR 


Operating Temperature 


0°C to +70°C 



D.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V ± lu% 



Syrabol 


Parameter 


Test Condition 


Hin. 


Typ. 


Max. 


Units 


VlL 


Input Low Voltage 




-0.5 




0.8 


V 


VlH 


Input High Voltage 




2.0 




Vc +0.5 


V 


V0L1 


Output Low Voltage Ports 4-7 


IOL ■ 5mA* 






0.45 


V 


VOL2 


Output Low Voltage Port 7 


IOL " 20mA 






1 


V 


V 0L3 


Output Low Voltage Port 2 


'OL=0. 6mA 






0.45 


V 


V 0H1 


Output High Voltage Ports 4-7 


1 OH=-240|iA 


2.4 






V 


V 0112 


Output High Voltage Port 2 


'oh— l.QOuA 


2.4 








'ILI 


Input Leakage Port 4-7 


oviv IN ;v cc 


-10 




20 


m* 


T IL2 


Input Leadage Port 2, CS, PROG 


ov iV i N <v cc 


-10 




10 


PA 


: cc 


^CC Supply Current 






10 


20 


mA 


IOL 


Sum of all IOl of 16 Outputs i 


5 mA Each Pin 






80 


mA 



* See following graph for additional sink current capability 
A.C. CHARACTERISTICS T A - 0°C to 10°C, VCC - 5V ± 10% 



Symbol 


Parameter 


Test Condition 


Min. 


Typ. 


Max. 


Units 


t A 


Code Valid Before PROG 


C L = 80pF 


1D0 






ns 


CS 


Code Valid After PROG 


C L = 20pF 


50 






ns 


tc 


Data Valid Before PROG 


c l. = 80pF 


200 






ns 


tp 


Data Valid After PROG 


C L = 20pF 


>0 






ns 


tH 


Floating After PROG 


C L = 20pF 







150 


ns 


tK 


PROG Negative Pulse Width 




700 






ns 


tcs 


CS Valid Before/After PROG 




50 






ns 


tpo 


Ports 4-7 Valid After PROG 


C L - lOOpF 






700 


ns 


tLPl 


Ports 4-7 Valid Before/After PROG 




100 






ns 


C ACC 


Port 2 Valid After PROG 


C L - 80pF 






650 


ns 
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3 INTtGRATtDClKCUIT 


TMP8243P/TMP8243PI 


f£2 TECHNICAL DATA 





TMP8243PI : INDUSTRIAL SPECIFICATION] 



ABSOLUTE MAXIMUM RATINGS 



Symbo 1 


Item 


Rating 


v cc 


V CC Supply Voltage with Respect to GND 


-0. 5V to +7.0V 


VlN 


Input Voltage with Respect to GND 


-0.5V to +7.0V 


v OUT 


Output Voltage with Respect to GND 


-0.5V to +7.0V 


PD 


Power Dissipation 


800mW 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec.) 


260°C 


T STG 


Storage Temperature 


-55°C to +150°C 


T OPR 


Operating Temperature 


-40°C to +85°C 



D.C. CHARACTERISTICS TA=-40°C to 85°C, V CC =5V±10% 



Symbo 1 


Parameter 


Test Condition 


Min. 


Typ. 


Max. 


Units 


ViL 


Input Low Voltage 




-0.5 




0.8 


V 


Via 


Input High Voltage 




2.0 




Vcc+0.5 


V 


VOLI 


Outptu Low Voltage Ports A- 7 


T OL=4 . 5mA 






.0.45 


V 


V L2 


Output Low Voltage Port 7 


!oL=20mA 






1 


V 


V L3 


Output Low Voltage Port 2 


X OL=0. 6mA 






0.45 


V 


V 0H1 


Output High Voltage Ports 4-7 


I OH=-240 y A 


2.4 






V 


V 0H2 


Output High Voltage Port 2 


I OH=-100uA 


2.4 








iiu 


Input Leakage Ports 4-7 


0V<V IN <V cc 


-10 




20 


uA 


IlL2 


Input Leakage Port 2, CS.PROG 


0v£v IN iV cc 


-10 




10 


UA 


T CC 


V^c Supply Current 






10 


20 


mA 




Sum of all Iqt, of 16 outputs 


4 . 5mA each pin 






72 


mA 



* See following graph for additional sink current capability 
A.C. CHARACTERISTICS TA=-40°C to 85°C, V CC =5V±10% 



Symbol 


Parameter 


Test Condition 


Min. 


Typ. 


Max. 


Units 


tA 


Code Valid before PROG 


Cl = 80pF 


100 






ns 


tB 


Code Valid after PROG 


C L = 20pF 


60 






ns 


H 


Data Valid before PROG 


C L = 80pF 


200 






ns 


CD 


Data Valid after PROG 


C L = 20pF 


20 






ns 


<=i 


Floating after PROG 


Cl - 20pF 







150 


ns 




PROG Negative Pulse Width 




700 






ns 


t cs 


CS Valid before/after PROG 




50 






ns 


* PO 


Ports 4-7 Valid after PROC 


C L = lOOpF 






700 


ns 


C LP1 


Ports 4-7 Valid before/after PROG 




100 






ns 


'ACC 


Port 2 Valid after PROG 


C L = 80pF 






650 


ns 
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INTEGRATEDCIRCUIT 

fit 2 TECHNICAL DATA 



TMP8243P/TMPE243PI 



TIMING WAVEFORM 



PROG 



PORT2 



PORT2 



tK 



MnstructionV float data 



FLOAT 



PORT4-7 



PORT4-7 



US 



tIP 



tACC 



Vl OUTPUT 

/\ VALID / \ 



PREVIOUS OUTPUT VALID 



INPUT VALID 



tPO 



OUTPUT 
VALID 



til 



s 

V 
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INTEGRATEDCIRCUIT 


TMP8243P/TMP8243PI 


HIS TECHNICAL DATA 





OUTLINE DRAWINGS 

. Unit in mm 



24 23 22 21 20 19 


18 1716 15 14 13 


\ - 




a 

n 

» i 


1 di didiili ib ill 


Idj JjUj l|j ub Jj 





1Z345 6 789 1C1I1Z 




Note: Each lead pitch is 2.54mm. All leads are located within 
0.25mm of their true longitudinal position with respect 
to No.l and No. 24 leads. 
. All dimensions are in millimeters. 
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INTEGRATEDCIRCUIT 

f£S: TECHNICAL DATA 



8-BIT SINGLE-CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

The TMP80C49P-6 is a single chip microcomputer fabricated in Silicon 
Gate CMOS technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a compurer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K * 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C49P-6 is particularly efficient as a controller. It has exten- 
sive bit handling capability as well as facilities for both binary and BCD 
arithmetic . 

The TMP80C39P-6 is the equivalent of a TMP80C49P-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

FEATURES 

■ Software compatible with TMP8049P/i8049 

• CMOS/LSI for low power dissipation - 
less than 50 mW at 5V, 6MHz 

• High Noise Immunity 

• 2.5us Instruction Cycle 

■ Extended temperature operation: 

-40°C to +85°C 



TOSHIBA MOS TYPE DIGITAL 
INTEGRATED CIRCUIT 

TMP80C49P-6, TMP80C39P-6 

Silicon Monolithic 
CMOS Silicon Gate 




• Single power supply 

• 2K x 8 masled ROM 

• 128 x 8 RAN 

• 27 I/O lines 

• Interval Timer/Event Counter 

• Power Down Mode 



PIN CONNECTIONS (TOP VIEW) 



Todi 

XTAL} 
XTAL 



1C2 



AJftL2 ■ 

RESETI 
SS t 
INTC 
EA 
RD 
PSENC 

nc 

ALEC 
DBoC 
DBi 
DB 2 C 
DB 3 
DB^ 
DB5 
DB,C| 



DB 7 C 19 
V SS C 20 



3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1ft 
17 
IS 



MV CC (+5V) 

□ Tj 
3P27 
3P26 
3P25 

□ F 21( 

=>F 15 
3*11 

□ Pi 3 
Pl2 

Pn 
W 

□ PROG 
^2 3 



ir 2] 
IP 20 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



BLOCK DIAGRAM 



TMP80C49P-6 
TMP80C39P-6 




Osc 1 llatior 
Frequency 



[l/480 — 



Interrupt 
Circuit 



Port Buffer 



Timer/ 
Counter 



31 



Port 1 buffer 



TV 



Fort 2 Buffer 



][ 



pch pcl 



Ma.?k ROM 
2k X 8 
(Program Area) 



JOT 



Accumu- 
lator 



Tempo- 
rary Reg 



-A AccuiTula- 
—/ tor Latch 



Ine truc- 
tion Re- 



RAM Addre- 
ss Register 



Timer 
Flag 



Accumulator 
Bit 

1 Test 



Power . ss Control -and Timing Circuit 

Save ~~ PS XTALg 

XTAI^ RESET INT ES SS ALE FsW KD WR PR03, 



3 



F^Fl Carrv 

J_L 



Mjmp Circul t 
T TNT 



V 



RAM 
12 8X8 



3 SJ 



CO HI t* > W 



I if II 



Conditional fjot-Q 1? ^ lowgr order 4 bl c 
of por t 2 ou tpu t la ten 
are used also for input 
/output operations with 
the i/0 expander, 
ote 2)The output latch of- port 
Is also used for ad- 
dress output. 



f I f N 
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INTEGRATEDCIRCUIT 



PIN 



TECHNICAL DATA 



NAMES AND PIN DESCRIPTION 



TMP80C39P-6 



TMP80C49P-6 




Vgg (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power dowen mode 

(Active Low) 

PROG (Output) 

Output strobe for the TMP8243P I/O expander. 

P10-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup » JOES) ). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup a 5 OK SI ). 

P20-P23 contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DB0-DB7 (Input/Output, Tri-State) 

True_bidrectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

T (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 
TO is also used during programming. 



Input pin testable using the JT1 and JNT1 instruction Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

RD (Output) 

Output strobe activated druing a Bus read. Can be used to enable data onto 
the Bus from an external device. Used as a Read Strote to External Data 
Memory (Active Low) . 



(Input) 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP80C39P-6 



TMP80C49P-6 




WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 



RESET (Input) 

Active Low signal which is used to initialize the Processor. Also 
used during the power down mode. 

ALE (Output) 

Address Latch Eanble. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PS EN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low) . 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed 
into a wait state after it has completed the instruction being executed. 
Also used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for test- 
ing and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for 
external source. 

XTAL 2 (Input) 

Other side of crystal input. 
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INTEGRATEDCIRCUIT 

fBS TECHNICAL DATA 

ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


V CC 


V CC Supply Voltage (with respect to GND (Vgs)) 


-0.5V to +7V 


Vina 


Input Voltage (Except EA) 


-0. 5V to VCC+0-5V 


V INB 


Input Voltage (Only EA) 


-0.5V to +13V 


P D 


Power Dissipation (Ta=85°C) 


250mW 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec) 


260°C 


T STG 


Storage Temperature 


-65°C to 150°C 


T OPR 


Operating Temperature 


-40°C to 85°C 



T OPR =-40°C to 85°C, V CC =+5V±10%, V ss =0V, Unless Otherwise Noted. 



cvxau r\i 
b iMJSOL 


PARAMFTFR 




MI N . 


TYP . 


MAX. 


1TWTTC 
UNI 1 b 


VlL 


Input Low Voltage 




-0. 5 




0.8 


V 


V IH 


Input High Voltage 

(Except XTAL1, XTAL2, RESET) 




2. 2 


- 


v c c 


V 


V IH1 


Input High Voltage 
(XTAL1, XTAL2, RESET) 




3. 3 




v cc 


V 


Vol 


Output Low Voltage 
(Except P10-P17, P20-P27) 


I 0L=1. 6mA 






0.45 


V 


V 0L1 


Output Low Voltage 
(P10-P17, P20-P27) 


I 0L=1 . 2mA 






0.45 


V 


V 0H11 


Output High Voltage 
(Except P10-P17, P20-P27) 


I 0H=-1. 6mA 


2.A 






V 


V 0H12 


Output High Voltage 
(Except P10-P17, P20-P27) 


: OH=-A00liA 


v Cl ; 

-0.8 






V 


V 

OH21 


Output High Voltage 
(P10-P17, P20-P27) 


I OH=-50yA 


2.4 






V 


v OH22 


Output High Voltage 
(P10-P17, P20-P27) 


I OH=-25uA 


v C c 

-0.8 






V 


l U 


Input Leak Current 
(Tl, INT, EA, PS) 


v ss£ v inS v cc 






±10 


uA 


r Ul 


Input Leak Current (SS, RESET) 


v S siVi N iv cc 






-50 


uA 


X LI2 


Input Leak Current 
(P10-17, P20-27) 


V SS+ 0.45V<V IN <V CC 






-500 


UA 


Ilo 


Output Leak Current (BUS, TO) 
(High impedance condition) 


v ss +o.A5v;v IN ;v cc 






±10 


yA 


I CC 


Vqc Supply Current 


V CC=5V, f XTAL=6MHz 
VlH=V C C-°- 2 V, 
V IL =0.2V, C X 2=0pF 






10 


mA 
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TECHNICAL DATA 



TMP80C49P-6 
TMP80C39P-6 



DC CHARACTERISTICS (II) 




T opR =-40°C to 85°C, V CC =+5V±20%, V ss =0V, Unless Otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


UNITS 


V IL 


Input Low Voltage 




-0. 5 




0.15 

V CC 


V 


V IH 


Input High Voltage 

(Except XTAL1, XTAL2, RESET) 




0.5 v cc 




v C c 


V 


V IH1 


Input High Voltage 
(XTAL1, XTAL2, RESET) 




0.7 V cc 




V CC 


V 


v OL 


Output Low Voltage 
(Except P10-P17, P20-P27) 


i OL=l. 6mA 






0.45 


V 


V OLl 


Output Low Voltage 
(P10-P17, P20-P27) 


I 0L=1. 2mA 






0.45 


V 


V OH12 


Output High Voltage 
(Except P10-P17, P20-P27) 


I OH=-400yA 


Vcc 

-0.8 






V 


V OH22 


Output High Voltage 
(P10-P17, P20-P27) 


J 0H= -25uA 


vcc 

-0.8 


- 


- 


V 


r LI 


Input Leak Current (Tl , INT,EA,PS) 


v ss iv IN Jv cc 






±10 


UA 


r LIl 


Input Leak Current 
(SS, RESET) 


V SSS V IN^ V CC 






_ VCC 
~ 0.1 


yA 


Z LI2 


Input Leak Current 
(P10-17, P20-P27) 


v ss +o.45v;v IN ;v cc 






_ v cc 

0.01 


UA 


%> 


Output Leak Current (BUS, TO) 
(High impedance condition) 


V ss +0.45v£v IN £v cc 






±10 


uA 


I CC 


Vcc Supply Current 


V CC =5V, f XTAL=6MHz 
VlH=V C C-0-2V, 
V T] =0.2V, C x2 =0pF 






10 


mA 
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INTEGRATEDCIRCUIT 

Hi 2? TECHNICAL DATA 



Toshiba 



AC CHARACTERISTICS 



T 0PR = ~ 40 ° c t0 85 ° c - V CC =+5V+10%, V ss =0V, Unless Otherwise Noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN. 


TYP . 


MAX. 


UNITS 


C LL 


ALE Pulse Width 




.00 


- 


- 


ns 


E At 


Address Setup Time (ALE) 




50 


- 




ns 


C LA 


Address Hold Time (ALE) 




80 


- 


- 


ns 


'cc 


Control Pulse Width (PSEN, RD, WR) 




700 


- 


- 


ns 


t DW 


Data Setup Time (WR) 




;>oo 


- 


- 


ns 


C WD 


Data Hold Time (WR) 


Cl=20 P F 


120 


- 


- 


ns 


C CY 


Cycle Time 




1.5 


- 


15.0 


us 


'dr 


Data Hold Time (PSEN, RD) 







- 


200 


ns 


t RD 


Data Input Read Time (PSEN, SB) 




- 


- 


500 


ns 


C AW 


Address Setup Time (WR) 




230 


- 


- 


ns 


t AD 


Address Setup Time (Data Input) 




- 


- 


950 


ns 


C AFC 


Address Float Time (RD, PSEN) 







- 


- 


ns 


C CP 


Port Control Setup Time (PROG) 




] 10 


- 


- 


ns 


C PG 


Port Control Hold Time (PROG) 




130 






ns 


'PR 


Port 2 Input Data Set Time (PROG) 








310 


ns 


'DP 


Output Data Setup Time (PROG) 




J20 






ns 


t PB 


Output Data Hold Time (PROG) 




65 






ns 


t PF 


Port 2 Input Data Hold Time (PROG) 









150 


ns 


t P p 


PROG Pulse Width 




1510 






ns 


C PL 


Port 2 I/O Data Setup Time 




600 






ns 


'LP 


Port 2 I/O Data Hold Time 




150 






ns 



Note : t cy =2.5 u s (f x =6MHz) 

Control Outputs : C L =80pF, BUS Outputs ; Ci_=150pF 
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D. Timing of Port 2 durino Expander Instruction Execution 



ALE 



PORT20 



PCH 



PORT23 
(Data Output Operation) 

PORT20 ■ 



I 



PCH 



PORT23 
(Data Input Operation) 

PROG 



PL 



CA 



TORT20 
Data 



^ _ Control J ^O ^PUt Dataj ^ 



^PD 



| ^PR , III. tPF 

\fPORT20- 3 V ,_ To7I ~\f~ ~ V^TnVufi/ 

A_ Data _ fj _ Control ^ Jy Data A 

C CP ^PC 



* Input Enabled State 



t PP 
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TECHNICAL DATA 



TMP80C49P-6 
TMP80C39P-6 



POWER DOWN MODE (I) Data Hold Mode in RAM 




The operation of oscillation circuit is suspended by setting PS terminal 
to low level after RESET terminal has been set to low level. Consequently, 
all the data in RAM area can be held in low power consumption. 

The minimum hold voltage of Vqq in this mode is 2V. 



PS terminal is set to high level to resume osillation after Vcc has been 



reset to 5V, and then RESET terminal is s%t to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 



DC CHARACTERISTICS (T PR=-40°C to 85°C, V SS =0V) 



SYMBOL 


PARAMETER 


■ TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


V SB1 


Standby Voltage(l) 




2.0 




6.0 


V 


T SB1 


Standby Current (1) 


V C C=2V, Vt H =V C c-0. 2V, V IL -0. 2V 






T.B.D. 


UA 



AC CHARACTERISTICS ( T OPR = - 40 ° C to 85°C, V c c=5VtlO%, Vss=0V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 




MAX. 




t PSHR 


Power Save Hold Time (RESET) 




10 






US 


C PSSR 


Power Save Setup Time (RESET) 




10 






mS 


C VH 


V CC Hold Time (PS) 




5 






yS 


C VS 


V cc Setup Time (PS) 




5 






US 



Note : t cy =2.5us (f x =6MHz) 
TIMING WAVEFORM 

V C C 



PS 



fVH 



- C PSHR 



X 



C VS 



X 



■ tpSSR 
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POWER DOWN MODE (II) All Data Hold Mode 



The operation of oscillation circuit is suspended by setting PS terminal 
to low level after SS terminal has been set to low level. Consequently, 
all data can be held in low power consumption. 

The minimum hold voltage of V c q in this mode is 3V. 

PS terminal is set to high level to resume oscillation after V cc has been 
reset to 5V, and- then SS terminal is set to high level, thus, the normal 
mode is restarted continuously from the state just before the power down mode (II). 



DC CHARACTERISTICS (T OPR =-40°C to 85°C, V ss =0V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


V S B2 


Standby Voltage (2) 




3.0 




6.0 


V 


I SB2 


Standby Current (2) 


V CC=3V, V IH =V cc -0. 2V, V IL =0. 2V 


_ 




T.B.D. 


uA 


AC CHARACTERISTICS (T 0PR =-40°C to 85°C, V CC =5V±10%, VSS=0V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tpSHS 


Power Save Hold Time (SS) 




5 






VS 


C PSSS 


Power Save Setup Time (SS) 




10 






mS 


'VH 


V CC Hold Time (PS) 




5 






US 


t vs 


V cc Setup Time (PS) 




5 






US 



Note : t cy =2.5us (f x =6MHz) 
TIMING WAVEFORM 



v C c 



SS 



PS 



r 



VH 



-tf- 



c vs 



l PSHS 



r 



PSSS 
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INTEGR ATEDC I RCUIT 

TECHNICAL DATA 



TMP80C49P-6 
TMP80C39P-6 



OUTLINE DRAWING 




40 39 3837 36 35 3433 32 31 302028 27 26 2524 23 22 21 




Unit in mm 



2.54 (Note 2) 




123456789 10 11 12 1314 15 16 17 1819 20 
50.7±0.15 



(Note 1) 
15.24+0.1 



0.25+0.1 



15.00^17.8 



Note : 1. This dimension is measured at the center of bending point of leads 

2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoritical positions with respect to No . 1 
and No. 42 leads. 
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8BIT MICROPROCESSOR 

TLCS-8 5A (NMOS) 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP3085AP 



N- CHANNEL SILICON GATE MOS 



8-BIT SINGLE CHIP MICROPROCESSOR 
GENERAL DESCRIPTION 

The TMP8085AP, from here on referred to as the TMP8085A, is a new generation, 
complete 8 bit parallel central processing unit (CPU). Its instruction set is 
100% software compatible with the TMP9080A (8080A) microprocessor, and it is 
designed to improve the present 9080' s performance by higher system speed. 
Its high level of system integration allows a minimum system of there IC's : 
TMP8085A (CPU), TMP8155P/TMP8156P (RAM/10) and TMP8755AC (EPROM/IO)/ TMP8355P 
(ROM/10) . The TMP8085A uses a multiplexed data bus. The address is plit 
between the 8 bit address bus and the 8 bit data bus. The on-chip address 
latches of TMP8155P/TMP8156P/TMP8755AC/TMP8355P memory products allow a direct 
interface with TMP8085P. 

FEATURES 

100% Software Compatible with TMP9080A 
1.3 s Instruction Cycle 
Single +5V Power Supply 

On-Chip Clock Generator (with External Crystal or RC Network) 
On-Chip System Controller; Advanced Cycle status information available for 

Large System Control 

4 Vectored Interrupts (One is Non-Maskable) Plus an TMP9080A compatible interrupt 
Decimal, Binary and Double Precision Arithmetic 
Serial In/Serial Out Port 

Direct Addressing Capability to 64K Bytes of Memory 
Compatible with Intel's 80S5A 



PIN CONNECTION 
(TOP VIEW) 



BLOCK DIAGRAM 
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ACCUMULATOR 
LATCH 



TEMP. 
REG. 



ARITHMETIC V " ~ 
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7 



lACCUMULATOR 



INTR 

RST5.5.6.5.7.5 
TRAP 

■f5 

INTERRUPT CONTROL | 



INTERRUPT MASK 
SERIAL I/O 
CONTROL 



—SOD 
_SID 



TEMP- REG. 


TEMP- REG. 


B - REG. 


C - REG. 


D - REG. 


E - REG. 


H - REG. 


L - REG. 


STACK POINTER (SP) 


PROGRAM COUNTER (PC) 


INCREMENTER/DECREMENTER 
ADDRESS LATCH 



ATA/ADDRES 
BUFFER 



INSTRUCTION 
REGISTOR 



INSTRUCTION 
DECODER f. 
MACHINE CYCLE 
ENCODING 
I 



TIMING AND CONTROL 



.16 



I ADDRESS L.J 
| BUFFER f 



-RESET OUT 
-RESET IN 



TMP8085A PIN0UT 
DIAGRAM 



|8 —fi 

DATA/ADDRESS BUS ADDRESS BUS 

TOSHIBA CORPORATION ~ 



CLKX2_RD S ALE HOLD 
Xi W S i HLDA 

I NT A IO/M READY 

FIGURE 2. TMP8085A 
PIN0UT DIAGRAM 



349 



INTEGRATEDCIRCUIT 








1 1 lr OU'j Jnr 


fUS TECHNICAL DATA 





PIN NAME AND PIN DESCRIPTION 
Si, X2 (Input) 

Crystal, LC, or RC network are connected to XI and X2 to drive the internal clock 
generator. Xi and X2 can also be driven from an externally derived frequency 
source. The input frequency is devided by 2 to give the processor's internal 
operating frequency. 

CLK (Output) 



Clock Output for use as a system clock. The period of CLK is twice the Xi , X2 
input period. 

RESET IN (Input) 

The RESET Input initialize the processor by clearing the program counter, instruc- 
tion register, SOD latch, Interrupt Enable flip-flop and HLDA flip-flop. The 
address and data buses and the control lines are 3-stated dur:ng RESET and because 
of the asynchronous nature of RESET, the processor's internal registers and flags 
may be altered by RESET with unpredictable results. RESET IN is a Schmitt- 
triggered input, allowing connection to an RC network f or powe r on RESET delay. 
The TMP8085A is held in the reset condition as long as RESET IN is applied. 

RESET OUT (OUTPUT) 

The RESET OUT signal indicates that the TMP8085A is being reset. It can be used 
as a system reset. It is synchronized to the processor clock and lasts an integral 
number of clock periods. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified by the SIM 
instruction. 

SID (Input) 

Serial input data line. The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

INTR (Input) 

INTERRUPT REQUEST signal provides a mechanism for external devices to modify the 
instruction flow of the program in progress. It is sampled onLy during the next 
to the last clock cycle of an instruction and during Hold and Jolt states. If it 
is recognized, the processor will complete the execution of the current instruc- 
tion, and then the Program Counter (PC) will be inhibited from incrementing and 
an INTA will be issued. During this cycle a RESTART or CALL instruction can be 
inserted to jump to the interrupt service routine. The INTR is enabled and dis- 
abled by software. It is disabled by RESET and immediately afl:er an interrupt is 
accepted . 
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INTA (Output) 

INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and indicates 
that the processor will be ready for an interrupt instruction on the data bus. 
It is used instead of (and has the same timing as) RD during the instruction 
cycle after an INTR is accepted. 



RST 5.5 
RST 6.5 
RST 7.5 



(Inputs) 



RESTART INTERRUPTS: These three inputs have the same timing as INTR exept they 
cause an internal RESTART to be automatically inserted. These interrupts have 
a higher priority than INTR. The priority of these interrupts is ordered as 
shown Table 1. They may be individually masked out using the SIM instruction. 

TRAP (Input) 

Trap interrupt is a nonmaskable RESTART interrupt. It is sampled at the same 

timing as INTR or RST 5.5 - 7.5. It is unaffected by any mask or Interrupt 

Enable. It has the highest priority of any interrupt. 

ADo - AD 7 (Input/Output, 3 -state) 

Lower 8 bits of the memory address (or I/O address) appear on the bus during the 
first clock cycle (Ti state) of a machine cycle. It then becomes the data bus 
during the second and third clock cycles. 

A8 - Al5(0utput, 3-state) 

The most significant 8 bits of the memory address or the 8 bits of the I/O address, 
3-stated during Hold and Halt modes and during RESET. 

SO, Si, and IO/M (Output) 
Machine cycle status: 



IO/M 


Si 


s 


Status 





1 


1 


Opcode fetch 





1 





Memory read 








1 


Memory write 


1 


1 





I/O read 


1 





1 


I/O write 


1 


1 


1 


Interrupt Acknowledge 


TS 








Halt 


TS 


X 


X 


Hold 


TS 


X 


X 


Reset 



Note: TS = 3-state (high impedance) 

X = unspecified 
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ALE (Output) 

Address Latch Enable: It occurs during the first clock state of a machine cycle 
and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE can be used to strobe the status information. ALE is 
never 3-stated. 

WR (Output, 3-state) 

WRITE control: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or I/O location. Data is set up at the trailing 
edge of WR. It is 3-stated during Hold and Halt modes and during RESET. 

RD (Output, 3-state) 

READ control: A low level on RD indicates the selected memory or I/O device to 
be read and that the Data Bus is available for the data transfer, 3-stated during 
Hold and Halt modes and during RESET. 

READY (Input) 

When READY is absent (low), indicating the external operation is not complete, 
the processor will enter the Wait state. It will wait an integral number of 
clock cycles for READY to go high before completing the read or write cycle. 

HOLD (Input) 

The Hold input allows an external signal to cause the processor to relinquish 
control over the address bus and the data bus. When Hold goes active, the 
processor completes its current operation, activates the HLDA output, and puts 
the Address, Data, RD, WR, and IO/M lines into their high-impedance state. 
Internal processing can continue. The Holding device can then utilize the 
address and data buse's without interference. The processor can regain the bus 
only after the Hold is removed. 

HLDA (Output) 

The Hold Acknowledge output signal is a response to a Hold input. It indicates 
that the processor has received the HOLD request and it will relinquish the 
bus in the next cycle. HLDA goes low after the Hold request is moved. The 
processor takes the bus one half clock cycle after HDLA goes low. 



VCC 

+5 volt supply 



VSS 

Ground Reference 
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FUNCTIONAL DbSCRIPTION 

The TMP8085A is a complete 8-bit parallel central processor. Its basic clock 
speed is 3 MHz. Also it is designed to fit into a minimum system of three IC's: 
The CPU (TMP8085A), a RAM I/O (TMP8155P or TMP8156P) , and a ROM or EPROM I/O chip 
(TMP8355P or TMP8755AC) . 

The TMP8085A is provided with internal 8-bit registers and 16-bit registers. The 
TMP8085A has eight addressable 8-bit registers. Six of them can be used either 
as 8-bit registers or as 16-bit register pairs. In addition to the register 
pairs, the TMP8085A contains two more 16-bit registers. The TMP8085A register 
set is as follows: 

• The accumulator (A Register) is the focus of all of the accumulator instructions, 
which include arithmetic, logic, load and store, and 1/0 instructions. 



The program counter (PC) always points to the memory location of the next 
instruction to be executed. 



• General - purpose registers BC, DE , and HL may be used as 8-bit registers or as 
three 16-bit registers, interchangeably, depending on the instruction being 
performed . 

■ The stack pointer (sp) is a special data pointer that always points to the stack 
top (next available stack address) . 

• The flag register contains five one-bit flags, each of which records processor 
status information and may also control processor operation. 

The five flags in the TMP8085A CPU are shown below: 



(MSB) 



D7 


D6 


D5 


DA 


D 3 


D 2 


Dl 


DO 


S 


Z 




AC 




P 




C 



• The carry flag (C) is set and reset by arithmetic operations. An addition opera- 
tion that resutls in an overflow out of the high-order bit of the accumulator 
sets the carry flag. The carry flag also acts as a "borrow" flag for subtract 
instruction. 

• The auxiliary carry flag (AC) indicates overflow out of bit 3 of the accumulator 
in the same way that C flag indicates overflow out of bit 7. This flag is 
commonly used in BCD arithmetic. 

• The sign flag (S) is set to the condition of the most significant (MSB) bit of 
the accumulator following the execution of arithmetic or logic instructions. 



• The zero flag (Z) is set if the result 
The zero flag is cleared if the result 

• The parity flag (P) is set to 1 if the 
lator is even. If odd, it is cleared. 



generated by certain instructions is zero, 
is not zero. 

parity (number of 1-bits) of the accumu- 
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In the TMP8085A microprocessor are contained the functions of clock generation, 
system bus control, and interrupt priority selection, in addition to execution 
of the instruction set. The TMP8085A uses a multiplexed Data Bus. The address 
is split between the higher 8-bit Address Bus and the lower 8-bit Address/Data 
Bus. During the first T state (Ti clock cycle) of a machine cycle the lower 
order address is sent out on the Address/Data Bus. These lawer 8 bits may be 
latched externally by the Address Latch Enable signal (ALE) . During the rest 
of the machine cycle the data bus is used for memory or I/O data. 

INTERRUPT AND SERIAL i/o 

The TMP8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, arid TRAP. 
INTR is identical in function to 9080A INT. Each of three RESTART inputs 5.5, 
6.5, 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is 
nonmaskable . 

The three RESTART interrupts cause the internal execution of RESTART if the 
interrupts are enabled and if the interrupt mask is not set. The nonmaskable 
TRAP causes internal execution independent of the state of the interrupt 
enable or masks. 

There are two different types of inputs in the restart interrupts. RST 5.5 and 
RST 6.5 are high levelsensitive like INTR and are recognized with the same 
timing as INTR. RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal flip-flop which generates 
the interrupt request. The RST 7.5 request flip-flop remains set until the 
request is serviced. Then it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a RESET IN to the TMP8085A. The 
RST 7.5 internal flip-flop will be set by a pulse on the RS" 7.5 pin even when 
the RST 7.5 interrupt is masked out. 

The interrupts are 'arranged in a fixed priority that determr.nes which interrupt 

is to be recognized if more than one is pending : TRAP-highest priority. 

RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This priority scheme 

aoes not take into account the priority of a routine that was started by a higher 

priority interrupt. RST 5.5 can interrupt a RST 7.5 routine' if the interrupts 

were reenabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as power failure or bus 
error. It is not affected by any flag or mask. The TRAP irput is both edge and 
level sensitive. The TRAP input must go high and remain hi^.h until it is acknow- 
ledged. It will not be recognized again until it goes low, then high again. 
This avoids any false triggering due to noise or logic glitches. 
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TABLE T. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 



Name 


Priority 


Address Branched to 
When Interrupt Occurs 


Type Trigger 


TRAP 


1 


24 (Hex.) 


Rising edge and high level until 
sampled . 


RST 7.5 




3C (Hex.) 


Rising edge (latched) . 


RST 6.5 


3 


34 (Hex) 


High level until sampled. 


RST 5.5 


4 


2C (Hex.) 


High level until sampled. 


INTR 


5 


See Note (2) 


High level until sampled. 



Notes: (1) The processor pushes the PC on the stack before branching 
to the indicated address. 

(2) The address branched to depends on the instruction provided 

to the TMP8085A when the interrupt is acknowledged. 



The TRAP interrupt is special in that it disables interrupts, but preserves 
the previous interrupt enable status. Performing the first RIM instruction 
following a TRAP interrupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent RIM instruction 
provide current interrupt enable status. Performing a RIM instruction follow- 
ing INTR, or RST 5.5-7.5 will provide current interrupt enable status, 
revealing that interrupts are disabled. 

The serial I/O system is also controlled by the RIM and SIM instructions. 
SID is read by RI.M, and SIM sets the SOD date. 

BASIC TIMING 

The execution of each instruction by the TMP8085A consists of a sequence of 
from one to five machine cycles, and each machine cycle consists of a 
minimum of from three to six clock cycles. Most machine cycles consist of 
three T states, (cycles of the CLK output) with the exception of opecode 
fetch, which normally has either fou r or six T states (unless WAIT or HOLD 
states are forced by the receipt of READY or HOLD inputs) . Any T state 
must be one of ten possible states, shown in Table 3. 

At the beginning of every machine cycle, the TMP8085A sends out three status 
signals (IO/M, Si, So) that define what type of machine cycle is about to 
take place. The TMP8085A also sends out a 16-bit address at the beginning 
of every machine cycle to identify the particular memory location or I/O 
port that the machine cycle applies to. 

The special timing signal, ADDRESS LATCH ENABLE (ALE), is used a strobe to 
sample the lower 8-bits of address on the AD() - AD 7 lines. ALE is present 
during Tl of every machine cycle. Control lines RD (TNTA) and WR become 
active later, at the time when the transfer of data is to take piece. 
Figure 3 shows an instruction fetch, memory read and I/O write cycle (as would 
occur during processi ng of the OUT instruction). 
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TABLE 2. TMP8085A MACHINE CYCLE .CHART 



MACHINE CYCLE 


IO/M 


Si 


so 


RD 


WR 


INTA 


OPCODE FETCH 





l 


1 





1 


1 


MEMORY READ 





i 








1 


1 


MEMORY WRITE 








1 


1 





1 


I/O READ 


1 


1 








1 


1 


I/O WRITE 


1 





1 


1 





1 


ACKNOWLEDGE OF INTR 


1 


1 


1 


1 


1 





BUS IDLE : DAD 





1 





1 


1 


1 


ACK. OF 
RST, TRAP 


1 


1 


1 


1 


1 


1 


HALT 


TS 








TS 


TS 


1 



NOTE : = Logic "0", 1 = Logic "1", TS m High Impedan:e 



TA3LE 3, TMP8085A MACHINE STATE CHAR" 



MACHINE 
STATE 


Sl,S 


IO/M 


Ag-A 15 


AD0-AD7 


RD.WR 


INTA 


ALE 


Tl 


X 


X 


X 


X 


1 


1 


1° 


T 2 


X 


X 


X 


X 


X 


X 





TWAIT 


X 


X 


X 


X 


X 


X 





T 3 


X 


X 


X 


X 


X 


X 





T4 


1 


ot 


X 


TS 


1 


1 





T5 


1 


Ot 


X 


TS 


1 


1 





T6 


1 


ot 


X 


TS 


1 


1 





T RESET 


X 


TS 


TS 


TS 


TS 


1 





thalt 





TS 


TS 


TS 


TS 


1 





T HOLD 


X 


TS 


TS 


TS 


TS 


1 






NOTES: (1) 0=Loglc "0", 1 = Logic "1", TS = High Impedance, X - Unspecified 

(2) °ALE not generated during 2nd and 3rd machine cycles of 
DAD instruction 

(3) t IO/M = 1 during T4 - Tfi of INA machine cycle 
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FIGURE 3. TMP8085A BASIC SYSTEM TIMING 




INTEGRATEDCIRCUIT 



TMP8085AP 




TECHNICAL DATA 



DRIVING THE XI AND X2 INPUTS 

You may drive the clock inputs of the TMP8085A with a crystal, an LC timed 
circuit, an RC network or an external clock source. The driving frequency 
must be at least 1 MHz, and must be twice the desired interncl clock frequency. 

A. Quartz Crystal Clock Driver 

If a crystal used, it must have the following characteristics. 

• Parallel resonance at twice the clock frequency desired 
■ C$ (shunt capacitance) < 7 PF 

• Rg (equivalent shunt resistance) < 75 Ohms 



Cl 




XI 



TMP8085AP 



Note a value of the external capacitors Cl and C2 between XI, X2 
and ground. In case of the crystal frequency above 4 MHz, it is 
recommended that you choose a value of lOpF for Ct and C2 and less 
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B . LC Turned Circuit Clock Driver 

A parallel-resonant LC circuit may be used as the frequency-determining 
network for the TMP8085A,' providing that its frequency tolerance of 
approximately 10% is acceptable. The components are chosen from the 
formula. 



271 A. (C ext + Cint) 

The use of an LC circuit is not recommended for frequencies higher than 
approximately 5 MHz. 







L ext^ — 


^C ex t 


1 TMP8085A 
XI 1 

=}= C lnt 
X 2 j =15 pF 







C. RC Circuit Clock Driver 

An RC circuit may be used as the frequency - determining network, for the 
TMP 8085A if maintaining a precise clock frequency is of no importance. 
Variations in the on-chip timing generation can cause a wide variation 
in frequency when using RC circuit . The driving frequency generated by 
the circuit shown is approximately 3 MHz . It is not recommended that 
frequencies greatly higher or lower than this be attempted. 




- 3 MHz 
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D. External clock Driver Circuit 



+5V 



Duty 45 ^ 55% 




POWER ON AND RESET IN 

The TMP 8085A is not guarante ed to work until 10 ms after Vcc reaches 4.75 V. 
It is suggested that RESET IN be kept low during this period. 
Note that the 10 ms period does not include the time it takes for the power 
supply to reach its 4.75 V level. 
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INSTRUCTION SET 

Symbols and Abbreviations 



SYMBOLS 



ddd , sss 



r,rl,r2 

d8 

dl6 

addr8 

addr 

RP 



DEFINITION 

The bit pattern designating one of the registers 
A,B,C,D,E,H,L (ddd ^destination, sss=source) : 



ddd or sss 

111 
000 
001 
010 
011 
100 
101 
110 



REGISTER NAME 

A 

B 
C 
D 
E 
H 
L 



M (Memory) 
One of the registers A,B,C,D,E,H,L 
8-bit data quantity 
16-bit data quantity 
8-bit address of an I/O device 
16-bit address quantity 

The bit pattern designating one of the register 
pairs B,D,H,SP: 



RP 


rp 


REGISTER PAIR 


(rpH)(rpL) 


00 


B 


B-C 




D 


D-E 


10 


H 


H-L 


11 


SP 


SP 



The second byte of the instruction 

The third byte of the instruction 

Affected 

Set 

Reset 

Not affected 



T 
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Data Transfer 



Mnemonic 


Instruction Code 


Operation 


Eytes 


States 


Flag 


D7 D 6 D 5 Di, D 3 D 2 Di D 


C Z S P AC 


MOV rl, r2 


OldddSSS 


(rl) *- (r2) 


1 


4 




MOV M, r 


01110SSS 


[(H)(L)] <- (r) 


1 


7 




MOV r, M 


OldddllO 


(r) + [ (H) (L) ] 


1 


7 




MVI r, d8 


OOdddllO 
B 2 


(r) *■ (B 2 ) 


2 


7 




MVI M, d8 


00110110 
B 2 


[(H)(L)] <- (B 2 ) 


2 


10 




LDA addr 


00111010 

B2 

Ba 


(A) * [(B 3 )(B 2 )] 


3 


13 




LDAX B 


1 1 


(A) *■ [(B)(C)] 


1 


7 




LDAX D 


00011010 


(A) ^ [(D)(E)] 


1 


7 




LHLD addr 


00101010 
B 2 
B 3 


(L) «■ L (B 3 ) (B 2 ) ] 
(H) + [(B 3 )(B 2 )+1] 


3 






LXI H, dl6 


00100001 
B 2 
Ba 


(H) - (B 3 ) 
(L) i- (B 2 ) 


3 


10 




LXI D, dl6 


00010001 
B 2 
B 3 


(D) - (B 3 ) 
IE) *■ (B 2 ) 


3 


10 




LXI B, dl6 


00000001 
B 2 
•j 


(B) «- (B 3 ) 

(C) * (B 2 ) 


3 


10 




LXI SP, dl6 


0011000 1 
B 2 
B 3 


(SP) H - (b,) 
(SP) L *■ (B 2 ) 


3 


10 


■ 


SHLD addr 


00100010 
B 2 
B 3 


[(B 3 )(B 2 )] *■ (L) 
[(B 3 )(B 2 )+1] - (H) 


3 


16 







STA addr 


00110010 
B 2 
B 3 


[(B 3 )(B 2 )] *■ (A) 


3 


13 
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Mnemonic 


Instruction Code 


Operat ion 


Bvtes 


States 


Flag 


D 7 D b D 5 Di, D 3 D 2 Di Do 


C Z S P AC 


STAX B 


00000010 


[(B)(C)] - (A) 


1 


7 




STAX D 


000 1 0010 


[(D)(E)] <- (A) 


1 


7 




SPHL 


11111001 


(SP) * (H)(L) 


1 


6 




XCHG 


11101011 


(H) * (D) 
(L) - (E) 


1 


4 




XTHL 


1 1 1 1 1 


(L) *■ [(SP)] 
(H) * [(SP)+1] 


1 


16 




IN addr8 


110 110 11 
B 2 


(A) *■ (data) 


2 


10 




OUT addr8 


110 10 11 

B 2 


(data) *■ (A) 


2 


10 




Branch 


Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D 7 D 6 D 5 D„ D 3 D 2 Di D 


C Z S P AC 


JMP addr 


11000011 

B2 

B, 


(PC) * (B 3 )(B 2 ) 


3 


10 




JNZ addr 


11000010 
B 2 

B3 


If Z = 

(PC) * (B 3 )(B 2 ), 
If Z = 1 

(PC) +■ (PC) +3 


3 


7/10 




JZ addr 


11001010 
B 2 

B3 


If Z - 1 

(PC) ♦ (B 3 )(B 2 ), 
If Z = 

(PC) * (PC) +3 


3 


7/10 




JNC addr 


11010010 
B 2 
B 3 


If C = 

(PC) * (B 3 )(B 2 ), 
If C = 1 

(PC) * (PC) +3 


3 


7/10 




JC addr 


11011010 
B 2 
B 3 


If C =1 

(PC) * (B 3 )(B 2 ), 
If C = 

(PC) * (PC) +3 


3 


7/10 
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INTEGRATEDCIRCUIT 

HIS TECHNICAL DATA 



Mnemonic 


Instruction Code 


Operation 


Ilytes 


States 


Flag 


D 7 D 6 D 5 D„ D 3 D 2 D, D 


C Z S P AC 


JPO addr 


1 1 1 1 
B 2 
B 3 


If P =0 

(PC) ♦ (Bj)(B 2 ), 
If P - 1 

(PC) * (PC) +3 


3 


7/10 




JPE addr 


11101010 
B 2 
B 3 


If P =1 

(PC) * (B 3 )(B 2 ), 
If P = 

(PC) <- (PC) + 3 


3 


7/10 




JP addr 


11110 10 
B 2 
B 3 


If S = 

(PC) * (Bj)(B 2 ), 
If S = 1 

(PC) * (PC) + 3 


3 


7/10 




JM addr 


11111010 
B 2 

B 3 


If S - 1 

(PC) * (B 3 )(B 2 ), 
If S = 

(PC) *■ (PC) +3 


3 


7/10 




CALL addr 


110 110 1 
B 2 
Bj 


[(SP)-l] i- (PCH) 
[(SP)-2) * (PCL) 
(SP) *■ (SP) - 2 
(PC) * (B3HB2) 


3 


18 




CNZ addr 


11000100 
B 2 
B 3 


If z = 0, 
the actions 
specified in the 
CALL instruction 
are performed. 

If Z = 1 

(PC) * (PC) + 3 


3 


9/18 




CZ addr 


110 110 

B 2 
B 3 


If 

the actions 
specified in the 
CALL instruction 
are performed. 

If Z =0, 

(PC) * (PC) +3 


3 


9/18 
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TMPS085AP 



Mnpmnn i c 

■ ■ 11 1C UiW L 1 ± u 


Instruction Code 






States 


Flag 


D 7 D 6 D 5 Di, D 3 D 2 Dj D 


C Z S P AC 


CNC addr 


11010100 
B 2 
B 3 


If C = 0, 
the actions 
specified in the 
CALL instruction 
are performed. 

If C = 1 

(PC) «• (PC) +3 


3 


9/18 




CC addr 


11011100 
B 2 

*| 


If C = 1, 
the actions 
specified in the 
CALL instruction 
are performed. 

If C - 

(PC) *■ (PC) +3 


3 


9/18 




CPO addr 


1110 10 
B 2 
B 3 


If P =0, 
the actions 
specified in the 
CALL instruction 
are performed. 

If P ■ 1 

(PC) i- (PC) +3 


3 


9/18 




CPE addr 


1110 110 

B 2 

B 3 


If P =1, 
the actions 
specified in the 
CALL instruction 
are performed. 

If P =0 

(PC) * (PC) +3 


3 


9/18 




CP addr 


11110 10 
B 2 
B 3 


If S = 0, 
the actions 
specified in the 
CALL instruction 
are performed. 

If S = 1 

(PC) <- (PC) +3 


3 


9/18 
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TECHNICAL DATA 


THP8085AP 





Mnemonic 


Instruction Code 


Operation 


By tes 


States 


Flag 


D 7 D 6 D 5 Di, D 3 D 2 D t D 


C Z S P AC 


CM addr 


11111100 
B 2 

B 3 


If S = 1, 
the actions 
specified in the 
CALL instruction 
are performed. 

If S = 

(PC) <- (PC) + 3 


3 


9/18 




RET 


11001001 


(PCL) *■ [(SP)] 

(vcu\ +. f fcpm l 
i.rorl,) iv.3rj-t-lj 

(SP) * (SP) +2 


1 






RNZ 


11000000 


If Z =0, 
the actions 
specified in the 
RET instruction 
are performed. 

If Z - 1 

(PC) i- (PC) + 1 


1 


6/12 





RZ 


11001000 


If Z = l, 
the actions 
specified in the 
RET instruction 
are performed , 

If Z =0 

(PC) * (PC) +1 


1 


6/12 




RNC 


11010000 
1 


If C =0, 
the actions 
specified in the 
RET instruction 
are performed. 

If C = 1 

(PC) * (PC) +1 


1 


6/12 
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TECHNICAL DATA 



TMP8085AP 



Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D 7 D 6 D 5 Di, D 3 D 2 T>i D 


C Z S P AC 


RC 


11011000 


If C = 1, 
the actions 
specified in the 
RET instruction 
are performed. 

If C = 

(PC) *■ (PC) +1 


1 


6/12 




RPO 


1 1 1 


If P =0, 
the actions 
specified in the 
RET instruction 
are performed. 

If P = 1 

(PC) *■ (PC) + 1 


1 


6/12 




RPE 


1110 10 


If P = 1, 
the actions 
specified in the 
RET instruction 
are performed. 

If P =0 

(PC) * (PC) +1 


1 


6/12 




RP 


1 1 1 1 


If S = 0, 
the actions 
specified in the 
RET instruction 
are performed . 

If S = 1 

(PC) * (PC) +1 


1 


6/12 




RM 


111110 


If S = 1, 
the actions 
specified in the 
RET instruction 
are performed. 

If S =0 

(PC) *■ (PC) +1 


1 


6/12 





TOSHIBA CORPORATION 



367 



INTEGRATEDCIRCUIT 
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Mnemonic 


Instruction Code 


Operation 


3ytes States 


Flag 


Pit He ric rii. n> n n 

U7 Ub U5 Ult L»3 UZ LIJ L»0 


C Z S P AC 


PCHL 


11101001 


(PCH) • (H) 
(PCL) * (L) 


1 6 




RST 


11AAA111 


[(SP)-l] * (PCK) 

[(SP)-2] i- (PCL) 

(SP) -i- (SP) - 2 

(PC) * (00000000 
00AAAOO0) 


1 12 




Arithmetic 


Mnemonic 


Instruction Code 


Operation 


-Sytes 


States 


Flag 


D 7 D 6 D 5 D, D 3 D 2 Di D 


C Z S P AC 


ADD r 


10000SSS 


(A) *■ (A) + (r) 


1 


4 





ADC r 


10001SSS 


(A) <- (A) + (r) + (C) 


1 


4 





ADD M 


10000110 


(A) *■ (A)+[(H)(L)] 


1 


7 





ADC M 


1 1 1 1 


(AK(A)+[(HXL)]+(C) 


1 


7 





ADI d8 


11000110 
B 2 


(A) - (A) + (B 2 ) 


2 


1 

7 





ACI d8 


11001110 
B 2 


(A) * (A)+(B2)+(C) 


2 


7 





DAD rp 


00RP1001 


(H)(L) * (H)(L) 
+ (rH)(rL) 


1 


10 





SUB r 


10010SS S 


(A) * (A) - (r) 


1 


4 





SBB r 


10011SSS 


(A) + (A) - (r) - (C: 


1 


4 





SUB M i 1 1 1 1 i (A) * (A)-[(H)(L)] 


1 


7 , 





SBB M 


lOOllllOl (A)-(A)-[(HXL)]-(C) 


1 


7 Jo 


SUI d8 


11010110 
B 2 


(A) * (A) - (B 2 ) 


2 


7 





SBI d8 


11011110 
B 2 


(A) *■ (A) - (B 2 ) - (C) 


2 


7 






368 



TOSHIBA CORPORATION 





iMTR^PATPnnpn iit 
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TMP8085AP 
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TECHNICAL DATA 





Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D 7 D 6 D 5 D, D 3 D 2 Di Do 


C Z S P AC 


DAA 


00100111 


The 8-bit number 
in the accumulator 
is adjusted to 
form two 4-bit BCD 
digits by the 
following process. 

Accumulator 

7 t 3 


1 


4 


00000 


X Y 


\J$ [A^ 

1. If *>W or 
AC=1, 

(A) 1- (A) + 6 

2. If X > 10 or 
C=l, 

(A)^- 7 ^(A)^- 7 +6 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8085AP 



Logical Instruction 



Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D v D 6 D 5 D„ D 3 D 2 D, D„ 


C Z S P AC 


ANA r 


10100SSS 


(A) - (A) A (r) 


1 


4 


R S 


ANA H 


10100110 


(A) «- (A) A [(H)(L)] 


1 


7 


R S 


AN I d8 


1110 110 

B 2 


(A) ♦■ (A) A (B 2 ) 


2 


7 


R S 


XRA r 


10101SSS 


(A) * (A) If (r) 


1 


4 


R R 


XRA M 


10101110 


(A)* (A) V [ (H) (L) ] 


1 


7 


R R 


XRI d8 


11101110 
B 2 


(A) - (A)V(B 2 ) 


2 


7 


R R 


ORA r 


10110SSS 


(A) ♦ (A) V (r) 


1 


4 


R R 


ORA M 


10 l' 10110 


(A) *■ (A) V [(H)(L)] 


1 


7 


R U U U K 


ORI d8 


11110 110 
B 2 


(A) * (A) V (B 2 ) 


2 


7 


R R 


CMP r 


10111SSS 


(A) - (r) 


1 


H 


r» n n n n 
U u u u u 


CMP M 


10 111110 


(A) - [(H)(L)] 


1 


7 





CPI d8 


11111110 
B 2 


(A) - (B 2 ) 


2 


7 


ooooo 


CMA 


00101111 


(A) + (A) 


1 


4 




RLC 


00000111 


(An+i) *■ (An) 
(Ao) * (A?) 
(C) «• (A,) 


1 


4 





RRC 


1 1 1 1 


(An) t (An+i ) 
(A 7 ) * (Ao) 
(C) *■ (A„) 


1 


4 


o 


RAL 


1 1 1 1 


(An+i) * (An) 
(C) - (A 7 ) 
(A ) - (C) 


1 


4 





RAR 


1 1 1 1 1 


(An) * (An+i) 
(C) * (Ao) 
(A 7 ) * (C) 


1 


4 


- - - - 
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Increment and Decrement 



Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D? D6 D5 D, D3 D2 Di Do 


C Z S P AC 


INR r 


OOdddlOO 


(r) \ (r) +1 


1 


4 


- 


INR M 


00110100 


KHXL)W(HXL)]+1 


1 


10 


- 


INX rp 


00RP0. Oil 


(rH)(rL)*-(rHXrL)+l 


1 


6 




DCR r 


OOdddlOl 


(r) <- (r) -1 


1 


4 


- 


DCR M 


00110101 


l(HXL)]<-[(HXL)]-l 


1 


10 


- 


DCX rp 


OORPlOll 


(rH)(rLK(rHXrL)-l 


1 


6 





Stack 



Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D 7 D 6 D 5 D, D 3 D 2 Di D 


C Z S P AC 


PUSH rp 


11RP0101 


[(SP)-l] * (rH) 

[(SP)-2] * (rL) 

(SP) + (SP) - 2 

Note: Register 
pair rp=SP may not 
be specified. 


1 


12 




PUSH PSW 


11110101 


[(SP)-l] - (A) 
l(SP)-2] * 
D7D6D5DiD3D2DlDo 


1 


12 




| s |z |x|ac|x|p|x c 


MSB 

(SP) * (SP) - 2 


POP rp 


llRPOOOl 


(rU + [(SP)] 
(rH) - t(SP)+l] 
(SP) * (SP)+2 


1 


10 




POP PSW 


11110001 


(C) * [(SP)]o 

(P) * [(SP)]2 

(AO * [(SP)], 

(Z) - [(SP)]6 

(s) * !(sp)j 7 

(A) * l(SP)+l] 
(SP) * (SP) + 2 


1 


10 


OOOOO 
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Control 



Mnemonic 


Instruction Code 


Operation 


Bytes 


States 


Flag 


D7 De D 5 Di. D 3 D 2 Di Do 




C i o r AC 


HLT 


01110110 


Halt 


1 


5 




STC 


00110111 


(C) - 1 


1 


4 





CMC 


00111111 


(C) - (C) 


1 


4 





EI 


11111011 


Enable interrupts 

Note: Interrupts 
are not recognized 
during the EI in- 
struction. 


1 


4 




DI 


11110 11 


Disable interrupts 

Note: Interrupts 
are not recognized 
during the DI in- 
struction . 


1 


4 




NOP 


00000000 


No operation is 
performed . 


1 


4 




RIM 


00100000 


(A) «- 
d 7 = SID 
d 6 = 17 
d 5 = 16 
d„ - 15 
d 3 = IE 
d 2 = M7 
di = M6 
do = M5 


1 


4 




SIM 


00110000 


IF(A) 6 = 1; 
SOD * (A) 7 
,IF(A) 3 ■ l; 

tO"* (A) 2 

M6 ♦• (A)i 
M5 i- (A)o 
,IF(A), = Is 
RST7.5 RESET 


1 


4 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Item 


Ratings 


V CC 


V cc Supply Voltage 


-0.5V to 7.0V 


V IN 


Input Voltage with Respect to V SS 


-0.5V to 7.0V 


V OUT 


Output Voltage with Respect to V SS 


-0.5V to 7.0V 


p D 


Power Dissipation 


1.5W 


T solder 


Soldering Temperature (Soldering Time 10 sec.) 


260°C 


Tstg 


Storage Temperature 


-55°C to 150°C 


T opr 


Operating Temperature 


0°C to 70°c 


DC CHARACTERISTICS 

T A =0°C to 70°C, V CC = 5V±5% 


Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Units 


VlL ' 


Input Low Voltage 




-0.5 




0.8 


V 


VlH 


Input High Voltage 




2.0 




vcc 

+0.5 


V 


vol 


Output Low Voltage 


lOL " 2mA 






0.45 


V 


voh 


Output High Voltage 


lOH = -400uA 


2.4 






V 


J cc 


Power Supply Current 








170 


mA 


IlL 


Input Leakage 


V IN = v cc 






+10 


MA 


ILO 


Output Leakage 


0.45fv oux ;v cc 






10 


UA 


VlLR 


Input Low Level (RESET) 




-0.5 




0.8 


V 


V IHR 


Input High Level (RESET) 




2.4 




vcc 

+0.5 


V 


V HY 


Hysteresis (RESET) 




0.25 






V 
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AC CHARACTERISTICS 

TA=0°C to 70°C, V CC =5V±5%, V S s - OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Test 
Conditions 


Min . 


Typ. 


Max . 


Units 


tCYC 


CLK Cycle Period 


C L =150pF 
tCYC=320ns 


3?0 




2000 


ns 


tL 


CLK Low Time - Standard 150pF Loading 
- Lightly Loaded [2] 


80 
100 






ns 
ns 


t« 


CLK High Time - Standard 150pF Load- 
ing 

[91 

- Lightly Loaded LZ J 


120 
150 






ns 
ns 


tr.tf 


CLK Rise and Fall Time 






30 


ns 


C XKR 


Xi Rising to CLK Rising 


30 




120 


ns 


tXKF 


Xi Rising to CLK Falling 


30 




150 


ns 


tAC 


A S-15 Va lid to Leading Edge of 
Control [1] 


270 






ns 


t ACL 


Aq_7 Valid to Leading of Control 


240 






ns 


cad 


Aq_i5 Valid to Valid Data In 






575 


ns 


tAFR 


Address Float after Leading Edge 
of READ llNTA) 










ns 


tAL 


A8-15 Valid before Trailing Edge 
of aleUI 


115 






ns 


t ALL 


AO-7 Valid before Trailing Edge of ALE 


90 






ns 


tARY 


READY Valid from Address Valid 






220 


ns 


tCA 


Address (A8 - A15) Valid after Control 


120 






ns 


tec 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 


400 






ns 


tCL 


Trailing Edge of Control to Leading 
Edge of ALE 


50 






ns 


tDW 


Data Valid to Trailing Edge of WRITE 


420 






ns 


tHABE 


HLDA to Bus Enable 






210 


ns 


C HABF 


Bus Float after HLDA 






210 


ns 


tHACK 


HLDA Valid to Trailing Edge of CLK 


110 






ns 


tHDH 


HOLD Hold Time 









ns 


t HDS 


HOLD Setup Time to Trailing Edge of 
CLK 


170 






ns 


fclNt 


INTR Hold Time 









ns 
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Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Units 


tINS 


INTR, RST and TRAP Setup Time to 
Falling Edge of CLK 




160 






ns 


t LA 


Address Hold Time after ALE 




100 






ns 


C LC 


iraiiing cage or ftLt to Leaaing tage 
of Control 




130 






ns 


£ LCK 


ALE Low during CLK High 




100 






ns 


tLDR 


ALE to Valid Data during Read 








460 


ns 


tLDW 


ALE to Valid Data during Write 








200 


ns 


'LL 


ALE Width 




140 






ns 


'LRY 


ALE to READY Stable 








110 


ns 


tRAE 


Trailing Edge of READ to Re-Enabling 
of Address 




150 






ns 


tRD 


READ (or INTA) to Valid Data 








300 


ns 


C RV 


Control Trailing Edge to Leading 
Edge of Next Control 




400 






ns 


C RDH 


Data Hold Time After READ INTA 











ns 


C RYH 


READY Hold Time 











ns 


tRYS 


READY Setup Time to Leading Edge 
of CLK 




110 






ns 


tWD 


Data Valid After Trailing Edge of 
WRITE 




100 






ns 


C WDL 


LEADING Edge of WRITE to Data Valid 








40 


ns 



Notes: 1. A8-15 address specs apply to I0/M, So and Si except A8-15 

are undifined during T4 - Tfc of OF cycle whereas I0/M, So. 
and Si are stable. 

2. Loading equivalent to 50 pF + 1 TTL input. 

3. All timings are measured at output voltage 
V L = 0.8 V, V H = 2.0 V. 

4. To calculate timing specifications at other value of t^yc 
use Table 4. 
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TABLE 4, BUS TIMING SPECIFICATION AS A T CYC DEPENDENT 



tAL 


(1/2) T - 45 


MIN 


tLA 


(1/2) T - 60 


MIN 


C LL 


(1/2) T - 20 


MIN 


tLCK 


(1/2) T - 60 


MIN 


tLC 


(1/2) T - 30 


MIN 


tAD 


(5/2 + N) T- 225 


MAX 


CRD 


(3/2 + N) T - 180 


MAX 


tRAE 


(1/2) T- 10 


MIN 


tCA 


(1/2) T-40 


MIN 


tDW 


(3/2 + N) T - 60 


MIN 


tWD 


(1/2) T - 60 


MIN 


tec 


(3/2 +N) T - 80 


MIN 




(1/2) T - 110 


MIN 


tARY 


(3/2) T- 260 


MAX 


tHACK 


(1/2) T - 50 


MIN 


tHABF 


(1/2) T + 50 


MAX 


tHABE 


(1/2) T + 50 


MAX 


KtC 


(2/2) T- 50 


MIN 


'L 


(1/2) T-80 


MIN 


tH 


(1/2) T-40 


MIN 


tRV 


(3/2) T-80 


MIN 


tLDR 


(4/2) T-180 


MAX 



Note: N is equal to the total WAIT states. 
T = tCYC 
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Xl INPUT 



CLK OUTPUT 



tXKR 



CXKF 



\ / \ r 

i r T 



tCYC 



FIGURE 4. CLOCK TIMING WAVEFORM 



Tl 



CLK 

A8^ A15 
S Si IO/M 

ADo ^ AD7 

ALE 
RD, INTA 



tLL 



tAL 



tLCK 



T2 



T3 



~\ / '\ / \ / V 



ADDRESS, STATUS 



ADDRESS ' S> <^ 

tLA 



tLC 



tAC 



DATA iF 



tlJ 



LDR 
CAFR 



tRD 



tec 



tCA 



tRAE 



'^tRDH 



tCL 



FIGURE 5. READ OPERATION 

I Tl I T 2 I T 3 I 

"A / \ / \ / V 



A8 ^ A15 
SqSi IO/H 



ADq%AD 7 X! ADDRESS ^ 



WR- 



ADDRESS, STATUS 



tLDW 



tAC 



tDW 



tWDL 



tec 



7 



tCA 



OUT 



K 



tWD 



tCL 



FIGURE 6. WRITE OPERATION 
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SqSi IO/M 



zx 



ADg ^ AD 
ALE 



RD/INTA- 



t-L 



AI DRESS 



tAl 



ADDRESS, STATUS 



tLA 



tLC 



■-At: 



C LRY 



V 



I T WAIT | 



tAD 



-65- 
-iS- 



-H 

^ AUS. 



'LDR 



-if- 



tRD 



C ARY 



READY 



tRYS 



tec 



-fS- 



'J 



tCA 



tRAE 



j— <: 

. tRDH 

r 



tRYH 



-fi- 



FIGURE 7. READ OPERATION WITH WAIT CYCLE (TYPICAL) 

- SAME READY TIMING APPLIES TO WRITE OPERATION 
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FIGURE 8. INTERRUPT AND HOLD TIMING 
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OUTLINE DRAWING 

40 Pins Plastic Package 
40 39 38 37 36 35 34 33 32 31 30 29 28 2 7 2 6 25 24 2 3 2 2 21 



4>- 



<»h $ $ ^ $ Q $ di^biliic^^djbiijiciib^ 

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 



Unit in 




(Note 1) 
15.24 t 0.1 




Notes: 1. This dimension shows the center of curvature of leads 

2. This dimension shows spread of leads. 

3. All dimensions' are in millimeters. 
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8BIT MICROPROCESSOR 

PER I PHERALS (NMOS) 



TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8155P 
TMP8156P 
N- CHANNEL SILICON GATE MOS 



2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 
GENERAL DESCRIPTION 

The TMP 8155P/8156P are RAM including I/O ports and counter/timer on the chip 
for using in the TLCS-85A microcomputer system. The RAM portion is designed 
with 2K bit static cells organized as 256 x 8. The 14 bit programmable counter/ 
timer is the down counter. It provides either a square wave or terminal count 
pulse for the cpu system depending or. timer mode. 

The I/O portion is consists of 2 programmable 8 bit I/O ports and 1 program^ 
mable 6 bit I/O port. The programmable I/O ports can be operated by BASIC 
MODE and STROBE MODE. 

FEATURES 

• Compatible with Intel's 8155/8516 

• Single +5 V Power Supply 

• Access Time: 400 ns (MAX.) 
■ Internal Address Latch 

• 2 Programmable 8 Bit I/O Ports and 1 Programmable 6 Bit I/O Port. 

• 256 Word x 8 Bits RAM 

• Programmable 14 Bit Binary Counter/Timer 

• Multiplexed Address and Data Bus 

• Chip Enable Active High (TMP8156P) or Low (T11P8155P) 

• 40 pin DIP 




INTEGRATEDCIRCUIT 

TECHNICAL DATA 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



PC 3 
PC, c 
TIMER INC 
RESET C 
PCs 

TIMER OUT 
IO/M 

ceqr ce c 

RTjc 

wrc 

ALE 

AD„ 

AD j 

AD 2 C 

AD 3 C 

AD h L 

AD 5 C 

AD 6 C 

AD^C 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 
16 
17 
18 
19 
20 



40 3 V CC 
39 3 PC 2 
38 3 pc j 
37 3 PC 
36 1 PB 7 
35 3 PB 6 
34 3 PB 5 
33 3 PB,, 
32 3 PB3 
31 3 PB 2 
30 3 PBj 
29 3 PB 
28 3 PA 7 

27 3 PA 6 
26 3 PA 5 
25 3 PAi, 
24 3 PA 3 
23 3 pa, 
22 3 p/ 

^iP PAo 




j-V cc ( +5V ) 
V SS (0V) 



timer4 | timer/counter 

IN J 



TIMER. PCn c 
OUT u 0-5 



FIGURE 2 TMP8155P/8156P FUNCTIONAL BLOCK DIAGRAM 



FIGURE 1 



TMP81 55F/8156P PINOUT DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 
RESET (INPUT) 



The Reset signal is a pulse provided by the TMP8085A to initialize the 
system. Input high 09 this line resets the chip and initializes the three 
I/O ports to input mode. The width of RESET pulse should typically be 
two TMP8085A clock cycle times. 



ADQ~7 (INPUT / OUTFUT, 3-state) 



These are 3-state Address/Data lines that interface with the CPU lower 
8-bit Address/Data Bus. The 8-bit address is latched into the address 
latche on the falling edge of the ALE. The address can be applied to the 
memory section or the I/O section depending on the polarity of the IO/M 
input signal. The 8-bit data is either written into the chip or read 
from the chip depending on the status of WR or RD input signal. 

CE OR CT (input) 

Chip Enable: On the TMP8155P, this pin is CE and is ACTIVE LOW. 
On the TMP8156P, this pin is CE and is ACTIVE HIGH. 

RD (INPUT) 

Input low on this line with the Chip Enable active enables the ADq^j 
buffers. If IO/M pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected I/O port or command/ 
status register will be read to the AD bus. 

WR (INPUT) 

Input low on this line with the Chip Enable active causes the data on the 
AD lines to be written to the RAM or I/O ports and command/status register 
depending on the polarity of IO/M. 

ALE (INPUT) 

Address Latch Enable: This control signal latches both the address on the 
ADo~7 lines and the state of the Chip Enable and IO/M into the chip at the 
falling edge of ALE. 

io/m (input) 



IO/Memory Select: This line selects the memory if low and selects the I/O 
and command/status register if high. 

PAg^t input/output, 3-state) 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 
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pbq~7( input/output, 3-state) 



These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 

pco~5( input/output, 3-state) 

These 6 pins can function as either input port, output port, or as control 
signal for PA and PB. Programming is done through the Command Register. 
When PC(yi,5 are used as control signals, they are defined the following: 

PC - A INTR (Port A Interrupt) 
PCi - A BF (Port A Buffer Full) 
PC 2 - A STB (Port A Strobe) 
PC 3 - B INTR (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PC5 - B STB (Port B Strobe) 



TIMER OUT (OUTPUT) 

This pin is the timer output. This output can be either a square wave or 
a pulse depending on the timer mode. 



V CC (Power) 
+5 volt supply 

V S s (Power) 
Ground Reference 



TIMER IN (INPUT) 




counter-timer. 
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FUNCTIONAL DESCRIPTION 
PROGRAMMING OF THE COMMAND REGISTER 

The command register consists of eitht latches. Four bits (0-3) define the 
mode of the ports, two bits (4-5) enable or disable the interrupt from port 
C when it acts as control port, and the last two bits (6-7) are for the timer. 

The command register contents can be altered at any time by using the I/O 
address XXXX000 during a WRITE operation. The function of each bit of the 
command byte is defined in FUGURE 3. 



ADDRESS 


« 




X 






° 


° 






AD 7 


AD6 


AD 5 ADA 


AD 3 


AD2 


AD1 


ADO 


COMMAND 
REGISTER 


TM 2 


TH 1 


IEB 


IEA 


PC 2 


PC 1 


PB 


PA 



Don' t 
Logic 
Logic 



care 

"1" 

"0" 



-DEFINE PA 
■DEFINE PB, 



°- 7 1 

0-7 T 1 



-DEFINES PC, 



0-5 



ENABLE PORT A 
INTERRUPT 



ENABLE PORT B 
INTERRUPT 



00 
11 
01 
10 



»PUT 
OLTPUT 

MODE 1 
MCDE 2 
MCDE 3 
MCDE 4 



1 = ENABLE 
= DISABLE 



L -~ TIMER COMMAND — 



00 = NOP - DO NOT AFFECT COUNTER 

OPERATION 

( 

01 = STOP -NOP IF TIMER HAS NOT STARTED; 

STOP COUNTING IF THE TIMER IS RUNNING 

10 = STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND COUNT LENGTH 

AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND COUNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 
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READING THE STATUS REGISTER 

The status register consists of seven latches, one for each bit; six (0-5) for 
the status of the ports and one (6) for the status of the timer. 

The status of the timer and the I/O section can be polled by reading the Status 
Register (Address XXXXX000) . Status word format is shown in FIGURE 4. 

Note that you may never write to the status register since the command register 
shares the same I/O address and the command register is selected when a write 
to that address is issued. 



ADDRESS 


X 


x 


X 


X 


* 













AD 7 


AD 6 


AD 5 


AD 4 


AD 3 


AD 2 


AD-l 


AD 


STATUS 
REGISTER 


X 


TIMER 


INTE 
B 


B 

BF 


INTR 
B 


INTE 

A 


A 
BF 


INTR 
A 



PORT A INTERRUPT REQUEST 

. PORT A BUFFER FULL/ EMPTY 
(INPUT/OUTPUT) 

■ PORT A INTERRUPT ENABLE 

• PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
(INPUT/ OUTPUT) 

PORT B INTERRUPT ENABLE 

TIMER INTERRUPT (THIS BIT 

IS LATCHED HIGH WHEN 

TERMINAL COUNT IS 

REACHED, AND IS RESET TO 

LOW UPON READING OF THE 

C/S REGISTER AND BY HARDWARE 

RESET) 



FIGURE 4 STATUS REGISTER BIT ASSIGNMENT 



TOSHIBA CORPORATION 



385 




INTEGRATEDCIRCUIT 

TECHNICAL DATA 



THP81S5P, T11P8156P 



input/output SECTION 
command/status register (c/s) 

Both register have the common address xxxxxooo. When the C/S registers 
are selected during WRITE operation, a command is written into the C/S 
register. The contents of this register are not accessible through the pins. 
When the C/S is selected during a READ operation, the status information of 
the I/O ports and the timer becomes available on the AD _7 lines 

• PA Register - This register can be programmed to be either input or output 
ports depending on the status of the contents of the C/S Register. 

Also depending on the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram) . The I/O pins assigned in 
relation to this register are PA _ 7 . The address of this register is 
XXXXX001. B 

• PB Register - This register functions the same as PA Register. The I/O 
pins assigned are PBq_7. The address of this register is XXXXX010. 

■ PC Register - This register has the address XXXXX011 and contains only 
6-bits. The 6-bits can be programmed to be either input ports, output 
ports or as control signals for PA and PB by properly programming the 
AD2 and AD 3 bits of the C/S register. 

When PC0-5 is used as a control port, 3-bits are assigned :or Port A and 

3 for Port B. The first bit is an interrupt that the TMP8:.55P/8156P issues. 

The second is an output signal indicating whether the buffer is full 
or empty, and the third is an input pin to accept a strobe for the strobed 
input mode. See Table 2. 

When the port C is programmed to either MODE 3 or MODE 4, the control 
signals for PA and PB are initialized as follows: 



~~ -_CONTROL 

MODE 


BF 


INTR 


SIB 


INPUT MODE 


Low 


Low 


Input Control 


OUTPUT MODE 


Low 


High 


Input Control 
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To summarize, the register's assignments are shown TABLE 1. 



TABLE 1 i/o PORT ADDRESSING SCHEME 



I/O ADDRESS 


P INDUTS 


SELECT ION 


NO. OF BITS 




*6 


A 5 


A 4 




A, 


&1 


*0 


X 


X 


X 


X 


X 











Internal 


Command/Status Register 


8 


X 


X 


X 


X 


X 








1 


PA -7 


General Purpose I/O Port A 


8 


X 


X 


X 


X 


X 





1 





PBn-7 


General Purpose I/O Port B 


8 


X 


X 


X 


X 


X 





1 


1 


PC _7 


General Purpose I/O Port or 
Control 


6 


X 


X 


X 


X 


X 


1 










Low-Order 8 bits of Timer Count 




X 


X 


X 


X 


X 


1 





1 




High 6 bits/2 bits of Timer Count 





TABLE 2 TABLE OF PORT CONTROL ASSIGNMENT 



Pin 


MODE 1 


MODE 2 


MODE 3 


MODE 4 


PCO 


Input Port 


Output Port 


A DJTR (Port A Interrupt) 


A DJTR (Port A Interrupt) 


PCI 


Input Port 


Output Port 


A BF (Port A Buffer Full) 


A BF (Port A Buffer Full) 


PC2 


Input Port 


Output Port 


A STB (Port A strobe) 


A STB (Port A Strobe) 


PC3 


Input Port 


Output Port 


Output Port 


B INTR (Port B Interrupt) 


PC4 


Input Port 


Output Port 


Output Port 


B BF (Port B Buffer Full) 


PCS 


Input Port 


Output Port 


Output Port 


B STB (Port B Strobe) 
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TIMER SECTION 

The timer is a 14-bit down-counter that counts the 'timer input' pulses and 
provides either a square wave or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the low order byte of the register 
and the I/O address XXXXX101 for the high order byte of the register. 

To program the timer, the COUNT LENGTH REGISTER is loaded first, one byte at a 
time, by selecting the timer addresses. Bits 0-13 will specify the length of the 
next count and bits 14-15 will specify the timer output mole. The value loaded 
into the count length register can have any value from 2 H Lhrough 3FFF H in 



T 


M 2 


Ml 


Tl3 


Tl2 


Til 


TlO 


T 9 


T8 


i 1 1 

IMER MODE MSB OF COUNT LENGTH 




T6 


T 5 


T4 


T 3 


T 2 . 


Tl 


T 



LSB OF COUNT LENGTH 



FIGURE 5 TIMER FROMAT 
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There are four timer modes which are defined by M2 and Ml. 



M2 Ml 

Put out low during second half of count. 

1 Continuous square wave; The period of the square-wave 

equal s the count length programmed with automatic 
reload at terminal count. 

1 -j Single pulse upon TC being reached. 

1 1 Continuous pulses. 

Note: In case of an odd-numbered count, the first half-cycle of the 
square-wave output, which is high, is one count longer than the 
second (low) half-cycle as shown in FIGURE 6. 



| 5 | 4 



TIMER IN 



2 | 1 



M2 Ml 




Load 



reload 



reload 



FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5 
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Bits 6-7 (TM2 and TM1) of command register contents are used to start and 
stop the counter. There are four commands to choose from; 



TM2 TM1 

NOP: Do not affect counter operation. 

1 STOP: NOP if timer has not started; stop counting if the 

timer is running. 

1 STOP AFTER TC: Stop immediately after present TC is reached. 

(NOP if timer has not started) 

1 1 START: Load mode and count length and start immediately 

after loading (if timer is not presently running) . 
If timer is running, start the new mode and count length 
immediately after present TC is reached. 

Note that while the counter is counting, you may load a new count and mode 
into the count length registers. Before the new count and mode will be used 
by the counter, you must issue a START command to the councer. This applies 
even though you may only want to change the count and use :he previous mode. 

The counter in the TMP8155P/8156P is not initialized to any particular mode 
or count when hardware RESET occurs, but RESET does stop the counting. 
Therefore you must issue a START command via the C/S register, because count- 
ing cannot begin following RESET. 



Please note that the timer circuit on the TMP8155P/8156P chip is designed 
to be a square-wave timer, not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, its registers do not 
contain values directly representing the number of TIMER IN pulses received. 
You cannot load an initial value of 1 into the count register and cause the 
timer to operate, as its terminal count value is 10 (binary). After the 
timer has started counting down, the values residing in the count registers 
can be used to calculate the actual number of TIMER IN pulses required to 
complete the timer cycle if desired. To obtain the remaining count, 
perform the following operations in order: 

1. Stop the count. 

2. Read in the 16-bit value from the count length registers. 

3. Reset the upper two mode bits. 

4. Reset the carry and rotate right one position all 16 bits through 
carry. 

5. If carry is set, add 1/2 of the full original count (1/2 full count-1 
if full count is odd.) 

Note: If you started with an odd count and you read the ccunt length register 
before the third count pulse occurs, you will not be able to 
discern whether one or two counts has occurred. Regardless of this, 
the TMP8155P/8156P always counts out the right number of pulses in 
generating the TIMER OUT waveforms. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Item 


Rating 


vcc 


Vq{- Supply Voltage with Respect to Vgg 


-0.5V to +7.0V 


VlN 


Input Voltage with Respect to Vgg 


-0.5V to +7.0V 


v OUT 


Output Voltage with Respect to Vss 


-0.5V to +7.0V 


Pd 


Power Dissipation 


1.5W 


T SOLDER 


Soldering Temperature (Soldering Time 10 sec.) 


260°C 


TSTG 


Storage Temperature 


-55°C to +150°C 


TOPR 


Operating Temperature 


0°C to +70°C 



D.C. CHARACTERISTICS 



T A =0°C to +70°C, V CC = +5V+5Z 



Symbol 


Parameter 


Test Conditions 


Miri. 


Typ. 


Max. 


Units 


VlL 


Input Low Voltage 




-0.5 




0.8 


V 


VlH 


Input High Voltage 




2.0 




Vcc+0.5 


V 


Vol 


Output Low Voltage 


lOL ' ^mA 






0.45 


V 


v 0H 


Output High Voltage 


I 0H = -400UA 


2.4 






V 


IlL 


Input Leakage 


VlN * V CC to 0V 






±10 


UA 


Ilo 


Output Leakage Current 


0.45V < V 0UT ^V CC 






±10 


MA 


I cc 


Vqq Supply Current 








180 


mA 


I IL(CE) 


Chip Enable Leakage 

8155 
8156 


Vin = V CC t° 0V. 






+100 
-100 


yA 
yA 
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A.C. CHARACTERISTICS 

TA=0*C to +70*c , V CC =+5V±5% 



Symbol 


Parameters 


Test Conditioi 


Min. 


Typ. 


Max. 


Units 


<-AL 


Address to Latch Set lip Time 




50 






ns 


'LA 


Address Hold Time after Latch 




80 






ns 


t ui 


Latch to READ/WRITE Control 




1 C\C\ 








'RD 


Valid Data out Delay from READ 
Cnnt-rnl 








170 


ns 


C AD 


Address Stable to Data Out Valid 








400 


ns 


C LL 


Latch Enable Width 




100 






ns 


t RDF 


Data Bus Float After READ 









100 


ns 


C CL 


READ/WRITE control Latch Enable 




20 






ns 


c cc 


READ/WRITE Control Width 




250 






ns 


t 

DW 


Data In to WK1TL bet Up lime 




1JU 








^WD 


Data in Hold Time After WRITE 


150pF Load 









ns 


tR\r 


R is r nvprv Timp RpI"wppti Controls 




300 






ns 


TWP 


wk lie. tu rort uutpuc 








400 


ns 


TpR 


Port Input Setup Time 




70 






ns 


RP 


Pnrt Trtniir HnlH Timp 




50 






ns 


SBF 


^ t- rnVio r n Rnf f or "Full 








400 




ss 


jHUUt nlULIl 




200 






ns 


t-RBE 


READ to Buffer Empty 








400 




C S1 


Strobe to INTR On 








400 


ns 


C RDI 


READ to INTR Off 








400 


ns 


tpss 


Port Setup Time to Strobe 




50 






ns 


t- 

PHS 


Port Hold Time After Strobe 




120 






ns 


t SBE 


Strobe to Buffer Empty 








400 


ns 


C WBF 


WRITE to Buffer Full 








400 


ns 


'wi 


WRITE to INTR Off 








400 


ns 




TIMER-IN to TIMER-OUT Low 








400 


ns 


'th 


TIMER-IN to TIMER-OUT High 








400 


ns 


C RDE 


Data Bus Enable from READ Control 




10 






ns 


C L 


TIMER-IN Low Time 




80 






ns 


C H 


TIMER-IN High Time 




120 






ns 
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TIMING WAVEFORMS 
A. READ CYCLE 



CE(8155) .ic 

CE(8156) \ 



IO/M 



AD Q 
ALE 

RD 



C AD 



ADDRESS 



J. 



y— t L L 



tLA 



J— CXS> — -C 
_X~ 



t RDF 



tec 



CL ~~H 
tRV- 



V 



B. WRITE CYCLE 



or CE ( 81 55) r 
CE(8156) V 
rn/11 ' <- 



IO/M 
AD _ 7 

ALE 
WR 



IX 



X 



ADDRESS 



— tAL- 



-tLA 



J 



- tLL _PLC: 



x 



)T VALID DATA * 



-tDW— J 



CL~ 



tWD 



tec 



tRV 



FIGURE 7 READ/WRITE TIMING DIAGRAMS 
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A. BASIC INPUT MODE 



RD 



PORT 



tPR — - 


i 




'. — 


» its 


X 


\ 


X 



AD, 



0-7 



-CO- 



B. BASIC OUTP 



WR 



A T 



L WP ■ 



AD 



0-7 



PORT 



x 



FIGURE 8 BASIC i/o TIMING WAVEFORM 
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BF 



STROBE 

INTR 
RD 



tSBF 



I— tss - 



tpss- 



INPUT DATA ' 
FROM PORT - 



4— t S i _ 



I CRBE- 



tRDI 



■ 'PHS 



B. STROBED OUTPUT MODE 
BF 



t WBF 



INTR 



twi 



WR 





i 


1 S BE 






; 


e 



tsi 



/ 



OUTPUT DATA - 
TO PORT _ 



twp 



FIGURE 9 STROBED i/o TIMING WAVEFORM 



TOSHIBA CORPORATION 



INTEGRATEDCIRCUIT 

f£3£ TECHNICAL DATA 



TMP81SSP , THP8156P 



LOAD COUNTER FROM CLR 



TIMER IN 



TIMER OUT 
(PULSE) 

TIMER OUT 
(SQUARE WAVE) 



sl 



RELOAD COUNTER FROM CLR^J 
2 1 




^ (Note 1) J 



Note 1: The timer output is periodic 
if in an automatic 
reload mode (Mi Mode Bit - 1) 



FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 TO 1 
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OUTLINE DRAWING 

40 Pins Plastic Package 
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 



r® 



-e- 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 



Un.t in 



J — +i 




(Note 1) 
15.24±0.1 



0.25+0.1 



15.00^17.80 



(Note 2) 



Note: 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8355P 

N- CHANNEL SILICON GATE MOS 



16,384 BIT ROM WITH I/O PORTS 



GENERAL DESCRIPTION 

The TMP0355P is a ROM and I/O chip to be used in the TLCS-85A microcomputer 
system. The ROM portion is organized as 2,048 words by 8 bits. 
The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 
8 port lines, and each I/O port line is individually programmable as input 
or output. 

FEATURES 

2048 words x 8 bits ROM 
Single + 5V Power Supply 
Internal Address Latch 
2 General Purpose 8-Bit I/O Ports 
Access Time : 400 ns (MAX.) 

Each I/O Port Line Individually Programmable as Input or Output 
Multiplexed Address and Data Bus 
40 pin DIP 

Compatible with Inptel's 8355 



PIN CONNECTIONS (TOP VIEW) 



CE 1 P 
CE 2 
CLK L" 



5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 

16 
17 
18 
19 
20 



RESET C 
NC C 
READY rj 
IO/M £ 

Tor c 

RD C 
TOW c 
ALE C 
ADo C 
ADl 
AD2 
AD3 
AD4 
AD5 

ADft 
AD7 

vssC_ 

FIGURE 1 TMP8355P PINOUT DIAGRAM 



40 
39 
38 

37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



]VCC 
3PB7 
DPB6 
3PB 5 
3.PB4 
3PB 3 
3 PB 2 
3 PBi 
3PB 
3 PA7 
3PA6 
3 PA 5 
3 PA4 
1 PA3 
3 PA 2 
3 PAl 
3PAq 
3A 10 
3 Ag 
3 AS 



BLOCK DIAGRAM 

10 <™ RD TOR" 
A 8 _A 10CE, CE 2 ALE I0W RESET AD ( 



Control circuit 
Address Latch Decoder 



2K x 8 Bit 
ROM 



Buf- 
fer 



A 
DDR 



IT 
Out 
put 

latcl 



Buf- 
fer 
Latch 



B 

Out- 
Put 



latch 8 Utch 



Buf- 
fer 



DDR 



FIGURE 2 TMP8355P FUNCTIONAL BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 



ALE (INPUT) 

When Address Latch Enable goes high, ADq_.7, IO/H, A8_io> CE2, and CE"i, enter the 

address latches. The signals (ADq_7, IO/H, Ag_^Q, CE2, VE^) are latched in at 
the trailing edge of ALE. 



AD -7 (INPUT/OUTPUT, 3-STATE) 

Bi-directional Address/Data bus. The lower 
applied to the bus lines when ALE is high, 
selected based on the latched value of ADq. 
Chip Enables are active, the output buffers 

A8-10 (INPUT) 



8-bits of the ROM or I/O address are 
During an I/O cycle, Port A or B are 

If ITE or TOR is low when the latched 
present data on the bus. 



These are the high order bits of the ROM address. They do not affect I/O 
operations . 

GET, CE2 (INPUT) 

CHIP ENABLE INPUTS :CEl is active low and CE 2 is active high. Bjth chip enables 
must be active to permit accessing the ROM. 

io/m (input) 

If the latched IO/M is high when RD is low, the output data comes from an I/O port. 
If it is low the output data comes from the ROM. 

RD (INPUT) 

If the latched Chip Enables are active when 10) goae low, the ADq_^ output buffers 
are enabled and output either the selected ROM location or I/O port. 
When both RD and TOR are high, the ADq_j output buffers are 3-:;tated. 

TOW (INPUT) 

If the latched Chip Enables are active, a low on IOW causes the output port pointed 
to by the patched value of ADq to be written with the data on ADQ_y. 
The state of IO/H is ignored. 

CLK (INPUT) 

The CLK is used to force the READY into its high state after it has been forced low 
by CEj 10W, CE 2 high, and ALE high. 
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READY (OUTPUT, 3-STATE) 

READY is a 3-state output controlled by CE-^, CE 2 , ALE and CLK. 

READY Is forced low when the Chip Enables are active during the time ALE is high, 
and remains low until the rising edge of the next CLK. 

PA " PA 7 (INPUT/OUTPUT, 3-STATE) 

These are general purpose I/O pins. Their input/output direction is determined by 
the contents of Data Direction Register (DDR). Port A is selected for write 
operations when the Chip Enables are active, and IOW is low and a was previously 
latched from ADq. 

Read operation is selected by either IOR low, active Chip Enables and ADq low, 
or IO/H high, RD low, active Chip Enables, and ADq low. 

PB " PB7 (INPUT/OUTPUT, 3-STATE) 

This general purpose 1/0 port is identical to Port A except that it is selected by 
a 1 latched from ADq. . 

RESET (INPUT) 

In normal operation, an input high on RESET causes all pins in Ports A and B to 
assume input mode (clear DDR register). 

Tor (input) 

When the Chip Enabl es are active, a low on IOR will output the selected I/O port 
onto the AD bus. IOR l ow performs the same function as the combination of IO/H 
high and RTJ low. When IOR is not used in a system, TOR should be tied to Vcc "1". 

VCC (POWER) 
+5 volt supply. 
V SS (POWER) 

Ground Reference 
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TMP8355P 




TECHNICAL DATA 





FUNCTIONAL DESCRIPTION 
ROM SECTION 



The TMP8355P contains an 8-bit address latch which allows it to interface 
cirectly to TLCS-85A microcomputer system without additional hardware. 
The ROM portion of the chip is addressed by the 11-bit address (A8-10, ADo-7) 
and CE. The address, IO/M, CE2 and CEj are latched into the address latches 
on falling edge of ALE. If the Chip Enables (CE 2 and CE^) are active and 
IO/M is low when RD goes low, the contents of the ROM location addressed by 
the latched address are put out on the ADo-7 lines. 

I/O SECTION 

The I/O port portion consits of two 8-bit I/O ports and two 8-bit Data 
Direction Registers (DDR) . The I/O portion of the chip is addressed by the 
latched value of A Do and AD^ . Contents of Port A and Port B can be read and 
written, but the contents of DDR's cannot be read. The contents of the 
selected I/O port can be read out when the latched Chip Enable are active and 
either RD goes low with IO/M high, or IOR goes low. 

The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output 
status of each pin in the corresponding port. 

A '0' specifies an input mode and a '1' specifies an output mode. 

The two 8-bit DDR's are cleared by RESET signal. The table 1 summarize Port 

and DDR designation. 

TABLE 1, SELECTION OF PORT AND DDR DESIGNATION 



ADt 


AD 


Selection 








Port A 





1 


Port B 


1 





Port A Data Direction Register (DDR A) 


1 


1 


Port B Data Direction Register (DDR B) 
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ABSOLUTE MAXIMUM RATINGS 



Symbo 1 


I tern 


Rating 


v cc 


Vq£ Supply Voltage with Respect to Vgs 


-0.5V to 7.0V 


V IN 


Input Voltage with Respect to Vg S 


-0.5V to 7.0V 


v OUT 


Output Voltage with Respect to Vg S 


-0.5V to 7.0V 


P D 


Power Dissipation 


1.5W 


T SOLDER 


Soldering Temperature (Soldering Time lOsec.) 


260°C 


T STG 


' 

Storage Temperature 


-55°C to+150°C 


T OPR 


Operating Temperature 


0°Cto+70°C 


D.C. CHARACTERISTICS 

T A = 0°C to 70°C, V cc = 5V t 57. 


Symbol 


Parameter 


Test Conditions 


Min. [ Typ. 


Max. 


Units 


VlL 


Input Low Voltage 




-0.5 




0.8 


V 


VlH 


Input High Voltage 




2.0 




V cc +0.5 


V 


vol 


Output Low Voltage 


I 0L = 2mA 






0.45 


V 


V OH 


Output High Voltage 


I 0H • -400uA 


2.4 




V 


% 


Input Leakage Current 


ViN = V cc to OV 






f 10 


yA 




Output Leakage Current 


0.45 £ Vout s V cc 






1 10 


UA 


l cc 


Vqq Supply Current 








181 


mA 
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A.C. CHARACTERISTICS 

T A = 0°C to 70°C, V cc = 5V + 57. 



Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max . 


Units 


C CYC 


Clock Cycle Time 


150pF 
Load 


32 








t T 
L L 


CLK Low Width 


to 










PI V H-inVi Uirlt-h 
L-Llx riign wiatn 


1* u 






ns 




CLK Rise and Fall Time 






30 


ns 


C AL 


Address to Latch Set Up Time 


50 






ns 


C LA 


Address Hold Time after Latch 


80 






ns 


C LC 


Latch to READ/WRITE Control 


ICO 






ns 


'rd 


Valid Data Out Delay from 
READ Control 






170 


ns 


'ad 


Address Stable to Data Out Valid 






400 


ns 


C LL 


Latch Enable Width 


ICO 






ns 


tRDF 


Data Bus Float after READ 







100 


ns 


E GL 


READ/WRITE Control to Latch Enable 


20 






ns 


'cc 


READ/WRITE Control Width 


250 






ns 


C DW 


Data In to WRITE Set Up Time 


150 






ns 


C WD 


Data In Hold Time after WRITE 


10 






ns 


tWP 


WRITE to Port Output 






400 


ns 


C PR 


Port Input Set Up Time 


50 






ns 


c rp 


Port Input Hold Time 


50 






ns 


'ryh 


READY Hold Time 







160 


ns 


'ARY 


ADDRESS (CE) to READY 






160 


ns 


'rv 


Recovery Time between Controls 


300 






ns 


'rde 


Data Out Delay from READ Controls 


10 






ns 


'LCK i ALE Lou during CLK High 


100 






ns 
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timing; waveforms 



A 8-10. IO/M 
CE2 - "CEi 



ALE 
AD _ 7 

Tor, rd 



AD 



0-7 



IOW 



J 



X 



C AL 



tLA 



ADDRESS 



X 



ADDRESS 



t AD 



H-Ot 



LC 



DATA 



/ 



a — \ 
4 



C CL. 



ADDRESS 



ADDRESS 



X 



C RV 



FIGURE 3 PROM READ, i/o READ, AND WRITE TIMING 



- tr 



tCYC 



FIGURE 4 CLOCK SPECIFICATION FOR TMPS355P 
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WR^k TECHNICAL DATA 







CLK 

AD _ 7 , A 8 _ 10 
IO/M 

CE 2> CE^ 

ALE 
READY 



r 



s/~ZZ~z^-\ 



j 



s\ 



V 



RYH 



J 



t ARY 



FIGURE 5 WAIT STATE TIMING (READY = 0) 



A, INPUT MODE 
5E, TOT 

PORT INPUT 





i 

tPR 


\ / 


t 

tRP 




) 









AD, 



0-7 



j <: 



B. OUTPUT MODE 
IOW " 



PORT OUTPUT 



AD _ 7 



WP I 

5tz 



x 



z 



>: 



FIGURE 6 i/q PORT TIMING 
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PROGRAM TAPE FORMAT 

TMP8355P programs are delivered in the form of punched paper tape or the 
8755A from which to copy. In case of the 8755A, Toshiba needs two pieces. 

(1 ) Tape Format 



Leader, 50 "NULL" characters or more 
Comment (Record mark ":" is not included) 

Option 



Comments 



TcrT 



(LP 



TcrT 



(LP 



(CP 



(LF) 



Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" Normal Record 

Record Type (2 Digits) " 01 " End of File Record 



Data 



Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are 
optional . 
Record Mark (Repeated below) 



! J- [Trailer, 50 "NULL" characters or more 

(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:lOOO0O000665C7D79CF50F3F951FED55A8FF16E570 
:10OO10OO88884DDE67D31F5D8ABA6DF292F113F5Cl 
:1000200O4FFlFB5DFFDAA96A99CF7DF94A346B7C09 
:10O0300O197352F729F12F79AA9C057C5B851EED77 
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1003CO005DFDB5E556A67277F61A51C631CF9F0E8O 
1003DOOOBD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
1003E0OOB53D42E0EC32546025B7308CDD52063D1D 
1OO3F000B4BE9E9E345B6138O60B20VC372BF60BD6 
00000001FF 
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OUTLINE DRAWING 

40 Pins Plastic Package 



40 39 38 37 3635343338 3130 

jfr ft ft ft ft_ft 



24 23 22 21 



ft ft ftft ft ft ft ft ft ft 



^^^^^^^^^ ^ l ^^^4i,45 4 !,^ 4!,^^ 

1 2 3 4 5 6 7 8 9 ID 11 1213 M IS 1« 17 18 19 U3 



Unit in 




2.54 ± 0.25 




( No t e 1 ) 
15.24 ± .1 




15.00 ~ 17.80 



(Note 2) 



Note: 1. This dimension shows the center of curvature of leads. 
'2. This dimension shows spread of leads. 
3. All dimensions are in millimeters. 
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16,384 BIT EPROM WITH I/O PORTS 

GENERAL DESCRIOTION 

The TMP8755AC is an erasable and 
electrically reprogrammable ROM 
(EPROM) and I/O chip to be used in 
the TLCS-85A microcomputer system. 
The PROM portion is organized as 
2,048 words by 8 bits. 



TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8755AC 
N- CHANNEL SILICON TATE MOS 



The I/O portion consists of two general 
purpose I/O ports. Each I/O port has 
eight port lines; and each I/O port 
line is individually programmable as 
input or output. 



FEATURES 

■ U.V. Erasable and Electrically 
Reprogrammable ROM (2,048 x 8) 

• Single +5V Power Supply (Vcc) 

■ Internal Address Latch 

• 2 General Purpose 8 bit I/O Ports 

• Access Time: 450 ns (MAX. ) 



■ Each I/O Port Line Individually 
programmable as Input or Output. 

■ Multiplexed Address and Data Bus 

• 40 pin DIP 

• Compatible v:ih Intel's 8755A 



BLOCK DIAGRAM 



PIN CONNECTIONS (TOP VIEW) 



AS- 



PROG. 

CE-, 
10 

3 



RD 



PR0G/CEi C 

ce£ 




40 


3VCC 


CLK 


2 


39 


3PB? 


READY 


CLK C 


3 


38 


3PB& 




RESET C 


4 


37 


PPB 5 




VDD C 


5 


36 


Ppb., 




READY C 


6 


35 


pPB3 




I0/M q 


7 


34 


3PB 2 




Tor c 


8 


33 


3PBi 




kd~ C 


9 


32 


DPBo 




iow C 


10 


31 


DPA 7 




ALE C 


11 


30 


3PA G 




ADO C 


12 


29 


3PA 5 




AD l C 


13 


28 


3PA>. 




AD 2 n 


14 


27 


3PA3 




AD 3 C 


15 


26 


3PA 2 




ADh C 


16 


25 


3PAi 




AD 5 C 


17 


24 


3PAo 




AD 6 C 


18 


23 


3Aio 




AI)? C 


19 


22 


3 A 9 




vss C 


20 


21 


3A e 





CE2 



Control circuit 
Address Latch Decordei 



2K x 8 bit 
EPROM 



AD - 7 



Buf- 
rH fer 



A 
DDR 



A 

Out 

put 
later 



Buf- 

fur 

latcl 



Out- 
put 
later 



Buf 
fer 
latcl 



■VDD 
•VCC 
-VSS 



T 

|PA _ 7 

I 
I 



l PB 0-7 



FIGURE 1 TMP8755AC PINOUT DIAGRAM 



FIGURE 2 TMP8755AC FUNCTIONAL BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 

ALE (Input) 

When Address Latch Enable goes high, ADq_7, IO/M, Ag_ 10 , CE2 , and CE^ 
enter the address latches. The signals (ADrj-7, IO/M, A8-10, CE) are 
latched in at the trailing edge of ALE. 

AD -7 (Input/Output, 3-state) 

Bi-directional Address/Data bus. The lower 8-bit of the PROM or I/O 
address are applied to the bus lines when ALE is high. During an I/O 
cycle, Port A or B are selected based on the latched value o r" ADo . 
If KD" or iUK is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 

A8-10 (Input) 

These are the high order bits of the PROM address. They do not affect 
I/O operations. 

PR0G/CE1, CE2 (Input) 

CHIP ENABLE INPUTS: CEi is active low and CE2 is active high. 

Both chip enables must be active to permit accessing the PROM. CEl is 
also used as a programming pin. 

IO/M (Input) 

If the latched IO/M is high when RD is low, the output data comes from an 
I/O port. If it is low the output data comes from the PROM. 

RD (Input) 

If the latched Chip Enables are active when RD goes low, the ADq-7 output 
buffers are enabl ed a nd output either the selected PROM location or I/O ports. 
When both RD and IOR are high, the AD Q _ 7 output buffers are l-stated. 

IOW (Input) 

If the latched Chip Enables are active, a low on IOW causes the output port 
pointed to by th£ latched value of ADq to be written with the data on AD0-7. 
The state of IO/M is ignored. 

CLK (Input) 

The CLK is used to force the READY into its high state after it has been 
forced low by CEi low, CE2 high, and ALE high. 
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TMP8755AC 



READY (Output, 3-state) 

READY is a 3-state output controlled by CE^ , CE2 , ALE and CLK. 

READY is forced low when the Chip Enables are active during the time ALE 

is high, and remains low until the rising edge of the next CLK. 

PA0-PA7 (Input/Output, 3-state) 

These are general purpose I/O pins. Their input/output direction is 
determined by the contents of Data Direction Register (DDR). Port A is 
selected for write operations when the Chip Enables are active and IOW 
is low and a was previously latched^from ADq» AD^. 

Read operation is selected by either IOR low and active Chip Enables and 

ADo and ADj low, or IO/M high, RD low, active Chip Enables, and ADo and ADi low. 

PBo - PB7 (Input/Output, 3-state) 

This general purpose I/O port is identical to Port A except that it is 
selected by a 1 latched from ADq and a from ADj . 

RESET (Input) 

In normal operation, an input high on RESET causes all pins in Ports A and 
B to assume input mode (clear DDR register) . 

IOR (Input) 

When the Chip Enables a re active, a low on IOR will output the selected I/O 
port onto the AD bus. IOR low per forms the same function as th e combination 
of IO/M high and RD low. When IOR is not used in a system, IOR should be 
tied to V CC "1". 

V cc (Power) 
+5 volt supply 

Vgc (Power) 
Ground Reference 

V DD (Power) 

V DD is a programming voltage and must be tied to +5V when the TMP8755AC is 
being read. For programming, a high voltage is supplied with Vdd=25V, typical. 
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FUNCTIONAL DESCRIPTION 
PROM SECTION 



The TMP8755AC contains an 8-bit address latch which allows it to interface 
directly to TLCS-85A microcomputer system without additional hardware. 
The PROM portion of the chip is addressed by the 11-bit address (A8-10,ADq_ 7 ) 
and CE. The address, IO/M and CE are latched into the address latches on the 
falling edge of ALE. If the Chip Enables (CE2 and CE~\) are active and 
IO/M is low when RD goes low, the contents of the EPROM location addressed 
by latched address are output onto the ADq_7 lines. 



ports and two 8-bit Data 



I/O SECTION 

The I/O port portion consists of two 8-bit 
Direction Registers (DDR). 
The I/O portion of the chip is addressed by the latched value of ADo and 
AD X . 

Contents of Port A and Port B can be read and written, but :hose of DDR's 
cannot be read. A port can be read out when the latched Chip Enables are 
active and either RD goes low with IO/M high, or IOR goes lew. 
The two 8-bit DDR's (DDRA and DDRB) are used to determine the input /output 
status of each pin in the correspinding port. 

A '0' specifies an input mode and a '1' specifies an output mode. 

The two 8-bit DDR's are cleared by RESET signal. The table 1 summarizes 

Port and DDR designation. 



TABLE 1 SELECTION OF PORT AND DDR DESIGNATION 



AD! 


AD 


Selection 








Port A 





1 


Port B 


1 





Port A Data Direction Register (DDR A) 


1 


1 


Port B Data Direction Register (DDR B) 



TOSHIBA CORPORATION 



411 




INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8755AC 



ERASURE CHARATER I ST ICS 

The TMP8755AC can be erased by applying light with wavelengths shorter 
than 4000 A. (1A=10~ 8 cm). Sunlight and the fluorescent lamps may include 
3000 ^ 4000 A wavelength components consequently when used under such lighting 
for extended periods of time, an opaque seal will be required to protect the 
TMP8755AC. Generally, ultraviolet light with a wavelength of 2537 A is 
recommended for TMP8755AC-erasing, and in this case the integrated does 
(ultraviolet light intensity [W/cm 2 ] * time [sec ]) should be over 15 
[W • sec /cm 2 ]. 



If the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1-cm from the lamp surface, erasure should be completed in about 
60 minutes. 

And using a lamp whose ultraviolet light intensity is a 12000 [uW/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case the integrated 
dose should be 12000 [UW/cm 2 ] x (20 x 60) [sec] = 15 [W • sec/cm 2 ].) 



PROGRAMMING 

Initially when received by customers all bits of the TMP8755AC are in the 
1 state which is the erased state. Tnerefore programming is carried out 
by electrically writing in the "0" state at the desired bit locations. 
A programmed "0" can only be changed to a "1" by ultraviolet erasure. 
The program mode itself consists of programming a single address at a time, 
giving a single 50 ms pulse for every address. 

Preliminary timing diagrams and parameter values pertaining to the TMP8755AC 
programming operation are contained in Figure 7. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Item 


Rating 


vcc 


Vqq Supply Voltage with Fespect to V SS 


-0.5V to +7.0V 


VDD 


V DD Supply Voltage for Programming with Respect to V ss 


-0.5V to +26. 5V 


VlN 


Input Voltage with Respect to Vgg 


-0.5V to +7.0V 


v OUT 


Output Voltage with Respect to V SS 


-0.5V to +7.0V 


PD 


Power Dissipation 


1.5 W 


T SOLDER 


Seldering Temperature (Soldering Time 10 sec.) 


260°C 


T 

STG 


Storage Temperature 


-55°C to+. 150°C 


T OPR 


Operating Temperature 


0°C to +70°C 



D.C. CHARACTERISTICS 



TA=0°C to 70°C, V C c ■ 5V±5%, V DD = V CC ±0.6V 



Symbol 


Parameter 


Test Conditions 


Sin. 


Typ. 


Max. 


Units 


Vll. 


Input Low Voltage 




-0.5 




0.8 


V 


VlH 


Input High Voltage 




2.0 




Vcc+0.5 


V 


vol 


Output Low Voltage 


lOL = 2mA 






0.45 


V 


voh 


Output High Voltage 


I OH = -400pA 


2 . 4 






V 


r n 


Input Leakage Current 


VlN=V C C to 0V 






+ 10 


PA 


lLO 


Output Leakage Current 


0.45SV out < V cc 






±10 


PA 


ice 


Vcc Supply Current 








180 


mA 



- 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP875SAC 



A.C. CHARACTERISTICS 

TA = Otto 70-c , Vcc = 5V ± 5% V DD = V cc + 0.6V 



Symbol 


Parameter 


Test Condition 


Min. 


Typ. 


Max. 


Units 


tCYC 


Clock Cycle time 




320 






ns 


t T 
L L 


CLK Low Width 




80 








L H 


CT K Hi ah Width 




120 








t t t- 
L r > L f 


CLK Rise and Fall Time 








30 




tAL 


AHHrcoc t r\ T at-ch Qot- Iln T t mo 
nUUL coo L. LdLLU JCL U p 1 J. LLltr 




50 








L LA 


r\UU L C o l> [1 U 1 U X llliC cl 1. L <-. L 1 jii H, ! 1 


150pF 
Load 


80 








'LC 


T afch t r\ RFATI /UTJ TTF rnnhrnl 
\-i a LL1I LU KLnLi/ WKL 1 C. VjOIILITOJ- 


100 








L RD 


VdllU UdLd UUl UcJLdy 1 I UIU 

READ Control 






170 




i 

t AD 


Address Stable to Data Out Valid 






450 


ns 


tit 


Latch Enable Width 


100 






ns 


tRDF 


Data Bus Float after READ 







100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 






ns 


tec 


READ/WRITE Control Width 


250 






ns 




Data In to WRITE Set Up time 


150 






ns 


tWD 


Data In Hold Time after WRITE 


30 






ns 


tWP 


WRITE TO Port Output 






400 


ns 


tpR 


Port Input Set Up Time- 


50 






ns 


tRP 


Port Input Hold_ Time 


50 






ns 


tRYH 


READY Hold Time 







160 


ns 


tARY 


Address (CE) to READY 






160 


ns 


tRV 


Recovery Time between Controls 


300 






ns 


tRDE 


Data Out Delay from READ Controls 


10 






ns 


'LD 


ALE to Data Out Valid 






350 


us 


C LCK 


ALE Low during CLK high 


100 






ns 
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INTEGRATEDCIRCUIT 


TMP8755 AC 


mm 


TECHNICAL DATA 





D.C. CHARACTERISTICS FOR PROGRAMMING 



TA = 25"C + 5"C , V CC -■ 5V ± 5% , V ss = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max . 


Units 


V DD 


Supply Voltage for programming 


24 


25 


26 


V 


!dD 


Supply Current 






30 


,mA 


A.C. CHARACTERISTICS FOR PROGRAMMING 

TA = 25«± 5^ , V cc = 5V +5% , V ss = OV 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


C PS 


Data Set Up Time 


10 






ns 


tPD 


Data Hold Time 









ns 


ts 


Program Pulse Set Up Time 


2 






us 


>=H 


Program Pulse Hold Time 


2 






ps 


tPR 


Program Pulse Rise Time 


10 


2000 




ns 


tPF 




10 


2000 






tPRG 


Program Pulse Width 


45 


50 




ms 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP8755AC 



TIMING WAVEFORMS 
A 8 _ 10> IO/M 



PROG/CEi 
CE2 
ALE 
AD _ 7 

Tor, rd 

AD _ 7 

Tow 



JJ \ 



ADDRESS 



ADDFESS 



ADDBESS 



ADDRESS 



I 



'-AD 



I 



X 



t'LC 



\ 



C RDE 



tRD 



3: 



tRDF 



DATA 



DATA 



tDW 



tec 



^ { ADDRESS y 



tWD 



tCL 



ADDRESS 



T RV . 



Note: CEx must remain low for the entire cycle. 

FIGURE 3 PROM READ, i/o READ, AND WRITE TIMING 
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A / 



T H 



tCYC 



FIGURE 4 CLOCK SPECIFICATION FOR TMP8755AC 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 



TMP87S5AC 



CLK 

ADo-T, A 8-10 
IO/M 



CEl 



j 



ALE 



READY 



J 



tAL 



tLCK 



tRYH 







tARY 



FIGURE 5 WAIT STATE TIMING (READY= 0) 

A. INPUT MODE 

T5B, TOR 



PORT INPUT 







\ / 




'RP 




i 




< 



AD _ 7 



-<zrzz> 



B. OUTPUT MODE 



low 



PORT OUTPUT 



C WP 



X 



AD, 



0-7 



X 



X 



FIGURE 6 I/O PORT TIMING 
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TECHNICAL DATA 



TMP875S AC 



FUNCTION 
ALE 



AD 



0-7 



+ 25V 

V DD +5V 



PROGRAM CYCLE 



*VERIFY CYCLE 



7~\ 



PROGRAM 
* CYCLE 



A 8-10,IO/M y^mtas^ 
CE 2 f ~ 
PROG/CE! 



DATA TO BE 
PROGRAMMED 



's" 



PD 



t— 'H 



'PR 'PRG 'PF 



■\ r 



* VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE 
(WITH V DD =5V FOR TMP8755AC) 



FIGURE 7 PROGRAM MODE TIMING DIAGRAM 
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INTEGRATEDCIRCUIT 



TECHNICAL DATA 



TMP875 3AC 



OUTLINE DRAWING 

40 Pins Ceramic Package 



40 39 38 37 36 35 34 33 32 31 30 29 2 8 27 26 2524 23 22 21 
rjlrfirfiij-irfufirfirfufi rh | i+l rtirhrtnfirfirfir|-ir^ii-|i 



i-PM-'M-'4 j '4 j 4 jl M'4-'^4' | 4'4i4j4'4 ji +'4'4"-^ 

123 45 6 78 9 10 11 121314 15 16 17 18 19 



Unit in 




Note 1. This dimension shows spread of leads. 
2. All dimensions are in millimeters. 
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MICROCOMPUTER APPLICATION 
DEVELOPMENT TOOL 



MICROCOMPUTER 

TECHNICAL DESCRIPTION 



Microcomputer Technical Description 
MICROCOMPUTER APPLICATION DEVELOPMENT TOOL 
GENERAL DESCRIPTION 
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TECHNICAL DESCRIPTION 




DEVECOPMENT TOOLS 

Toshiba's single-chip microcomputer development tool has the 
TDS400 microcomputer application development system and the dedicated 
debugging system. 



By exchanging portions of the control board and software, the TDS400 
system can be changed into the following development systems: 

(1) TDS400/43 TLCS-43 Application Development System 

(2) TDS400/46 TLCS-46A Application Development System 

(3) TDS400/84 TLCS-84 Application Development System 

The TDS400 system is hereinafter described under the name of the 
TDS400/xx (xx denotes the name of the microcomputer series of 43, 46 or 84). 

DEDICATED DEBUGGING SYSTEM 

The dedicated debugging system can be realized by combining the 
debugging board and the emulation board, consisting of the following 
products . 

(1) BM4304 TLCS-43 debugging board + BM4303 TLCS-43 emulation board 

(2) BM4604 TLCS-46A debugging board + BM4603B TLCS-46A emulation board 

(3) BM8404 TLCS-84 debugging board + BM8403 TLCS-84 emulation board 



MICROCOMPUTER APPLICATION DEVELOPMENT SYSTEM TDS400 
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1. MICROCOMPUTER APPLICATION DEVELOPMENT SYSTEM TDS400 
1.1 SYSTEM CONCEPT 

The TDS400/xx system is the application program development 
support system of Toshiba's single-chip microcomputer. Micro- 
computer application program development is divided into two 
main categories, programming and real time debugging. These 
functions can be performed consecutively through the TDS400/xx 
system. 

o Programming: 

(1) Programming and editing of source program 

(2) Assembling source program (converting to machine code) 

(3) Loading, modifying and writing into EPROM in the object 
program 

o Real time debugging: 

(1) Allows to execute and debug program at a state with the 
application circuit. (direct modification with machine 
codes) 

(5) Monitoring and revising of internal status during program 
execution. 

(6) Data exchange with EPROM (read/write) 

The following mannuals are available as system documents relative 
to the functions and operating instructions of the TDS400/xx: 

(A) Operating Instructions (Description of the functions and 
operations of the above-mentioned (1) to (6) . 

(B) Instruction Manuals (configuration description of hardware). 
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1.2 HARDWARE CONFIGURATION 

The TDS400/xx is a sytem which a microcomputer consists of 
TMP8085A MPU, 16 K-byte ROM, and 48K-byte RAM has been equipped 
with various auxiliary memories and input/output interfaces. 
To ensure a more useful development system, it is provided with 
16K EPROM wirter, emulation board, program memory (4 K-byte RAM) 
which can be substituted with ROM, and dedicated debugging console. 

The TDS400/xx hardware configuration is given in Fig.l, and 
its conceptrual system view in Fig. 2, respectively. In Fig.l 
solid line boxes show basic configuration units, while dotted 
line boxes indicate optional units. The units enclosed with 
broken lines are supplied by users, as required. Shaded boxes 
indicate the specific units depending on the series of a micro- 
computer. Other units are common to both. 

When used as a programming system, this system requires a minimum 
of one console I/O device for input/output of commands and ap- 
plication program data. When the system is used as a real-time 
debugging tool, operation is made through the attached debugging 
console. Real time execution can be obtained by removing the 
single chip microprocessor from the application circuit (user 
system) and plugging in the DIP socket from the emulation board. 
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TMP 8085 MPU 

Cosole Input/Output 
Interface 



16 K-byte ROM 
48 K-byte RAN 



Panel Interface 
(EPROM Writer) 



' ' ; > / > ; / s 
Control Circuit / y 
(Program Memory) , 

....// 



Indirect Memory ~~ ] 
I (64 K-byte RAM) I 
I I 



] PTR.PTP, Printer and 
-j RS 232C standard 
L .I^^.rJ^ce 



I TV 6. Keyboard 
~l Interface 
I 



-f Cosole I/O i Typuter M-:i00 Series 



Debugging 
Console Panel 



Emulation Board 



+5V 



DIP Type 
Connector 



(BM4303/4603B/8403) 




Application 
^ Circuit Board 

r T 1 

Power Supply 
L 1 



1 Ricoh PTR-'OO 



PTR 
PTP 

(~ Printer "| Diablo HI-] 200 



~ s | Ricoh TP-60 



CRT Display i ADDS-580A 
\ , / 



1 \ V Television N | Toshiba VM-17A or Home Mode TV 

— | Floppy Disk Interface. 1 , \ ' 

f\\ Y Keyboard S | Toshiba compact Keyboard ICB-2 

j Digital Cassette \ >| Floppy Disk ) Asia AFD-002A 

— \\ V" 



I Interface 



Floppy Disk 



(Tosl-iba ND-10x2) 



Power supplies 



^Digital Cassette, 1 Asia ADC-001A 
\ Digital Cassette J (Toanco CP-100ESx2) 

Fig. 1 TDS400/xx Hardware Configuration 

Solid line boxes: basic configuration Dotted lines: Optional units 
Broken lines: user-supplied Shaded line boxes: specific to 
microcomputer 
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Op tional 



Standard 
Interface is 
' packed. 



N Application . y 
Circuit Board y>-^ 



^-^j^^^icrocomputer^x^-^' 



DIP-type Connector 



Fig. 2 Conceptual System View of TDS400/xx System 
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1.3 SOFTWARE CONFIGURATION 

As shown in 'Fig. 3, the TDS400/xx system software consists 
of a programming system segment and debugging console control 
segment. Shaded portions indicate the specific program depend- 
ing on the microcomputer series. Other programs are common to 
both. 



These programs are firmwared in 16 K-byte ROM within the main 
memory of the TMP8085A system: therefore, no loading; of system 
programs is required, thus programs being able to br immediately 
operated. However, for operating option programs, such as as- 
sembler programs, the programs must be separately loaded. 
The system program uses a 2 K-byte as dedicated data area. 
Furthermore, a 4K-byte RAM is designated as dedicated area (called 
the back-up memory) for internal save and transmission in the 
program memory. The remaining 42 K-byte RAM area is a free area 
used as user programs, symbol tables, current file, or assembler 
program. (See Fig. 4) 

1.4 PROCESS FLOW OF APPLICATION PROGRAM DATA 

Fig. 5 shows a conceptual flow chart of the application 
program data for application program development anc evaluation 
by using the TDS400/xx system (as programming systen or debugg- 
ing console) 

1.5 PROGRAMMING SYSTEM 

The programming system is provided for facilitating the 
programming work (development) of application software. 
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Programming system 



14K bytes 



Command processing (monitoring) 



File control (input/output) 



Editor 



Debugging console control 



2K bytes 



Key input/dispaly output 



f/ i i 1 1 1 1 / / / / / > / 
^System control/ 



Fig. 3 TDS400/xx System Program Configuration 
Shaded element: Portions depending to microcomputer series 



Address 
(hexadecimal) 

0000 



3FFF 
4000 



Purpose of using main memory 



47FF 
4800 



System program 
(16 K-byte ROM) 



System data 
(2K bytes) 



User program, 
Symbol table, 
Current files, or 
Assembler program, 
(42K Bytes) 



Back-up memory 
(4K bytes) 



ROM 16K bytes 



RAM 48K bytes 
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Fig. 4 TDS400/ xx Main Memory Configuration 
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(TDS400) 



External storage | 
device 



Main memory 



Programmed 
EPROM 



EPROM 
wri ter 



Application ^ 
circuit A 
board 

A 



memory 




Debugging Console 



Programming System 



Fig. 5 Data Flow of Application Progr 



Operation from the debugging console. 
Operation through the porgramming system. 
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The TDS400/xx programming system operates according to an 
input command from the input/output device. The following out- 
line shows the outline of utilization form at each step in ap- 
plication software programming. 



(1) In making a source program by expressing the control process- 
ing contents of application system in assembler language, 
the source program is entered directly through the keyboard 
or via paper tape, etc., revised and edited statement (line) 
by statement (line) . If the program was structured into 
blocks, when it was written, the program can be easily edited 
into a single program and then punched onto paper tape, etc. 



(2) In assembling the source program, the assembler program is 
activated. Each pass of the program listing, object tape 
output, and generation of object program (machine code) in 
the main memory can be selected from the commands of input/ 
output device. 



(3) At the machine code level, the following functions can be 

implemented: object program loading, transmission, modifying, 
dumping, format change on the paper tape and writing into 
16K EPROM. 

The entire programming system can be operated from a single 
input/output device^) , but for performing the operation at high- 
speed, multiple input/oq,tput devices can also be utilized. 

Note 1) Can use teletype, CRT display, or TV- keyboard 
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(a) 64 K-byte Indirect memory can be used as a temporary 

file memory, For example, if the paper tape source program 
is once stored in this memory, the program will become much 
faster and easier to excute. The source progr.im, however, 
is restricted to about 1.5 y 2 K-byte because of memory 
capacity. 

(b) Floppy disk a file memory (random file) similar to in- 
direct memory. Memory capacity is approximately 250 K-byte. 
Each disc can store 6 K^8 K-step source program. The pro- 
cessing rate is lower than that of indirect menory. 

(c) Paper tape reader and Paper tape punch allows faster 

processing of paper tape. 

Printer — speeds up program listing output 

CRT display — convenient for editing and modifying applica- 
tion programs. 

(d) Digital cassette can be used as a sequential file, instead 

of paper tape. This eliminates the bother of rewinding and 
remounting paper tape, improving speed and ease of handling. 

(e) Television receiver and simple keyboard useful as low 

cost input/output devices. 

1.6 DEBUGGING CONSOLE 

The debugging console is designed for easy real time de- 
bugging of the application system. 

The debugging console, mounted in the front panel of the 
TDS400, is a dedicated console. Major functions performed by 
this console are as follows: 
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(1) Real time emulation can be performed. For application 
program memory, the user can select either program memory 
(RAM) within the TDS400/xx or external memory (EPROM) within 
the emulation board. 

(2) Program memory read and write is done directly 
through the debugging console. 

(3) Loading to program memory: 

(i) The program can be loaded directly from program EPROM. 

(ii) The program can also be loaded from the back-up memory 



(4) Contents of the program memory: 

(i) Can be written directly into 16K EPROM. 

(ii) Can be compared with the contents of programmed EPROM. 

(iii) Can be transferred and saved to the back-up memory 

(5) Direct read and write can be performed with RAM or register 
built into the single-chip microcomputer just as with program 
memory . 

(6) Application programs can be initiated from any address. 

(7) Application ptograms may be stopped at any time while in 
operation. 

(8) Address-stop function provided. 

Note 2) The back-up memory is a point of contact between the 



within the development system 



Note 2) 



debugging console function and the programming system 
function. The programming system can load the back-up 
memory with an object program, and the contents of the 
back-up memory can be put out onto paper tape, etc. 



(in various formats). 
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(9) Single-step operation possible. 

(10) Dummy interrupt signal can be entered through the debugging 
console. 

(11) Logical levels of all pins of microcomputer chip are always 
indicated. Voltage of the threshold value can be see at any 
level . 

1.7 EMULATION BOARD 

In the last step of application system development, it be- 
comes extremely important to be able to check the system opera- 
tions as close to the end product as possible. For answering 
this need, emulation board (BM4303/BM603B/BM8403) is available, 
as shown in Table 1. These emulation board are integrated with 
the evaluator chip and are designed to use EPROM in the program 
memory section. Fig. 6 shows the conceptualized drawings of 
these emulation boards. 

Besides the circuits attached to the evaluator chip, the 
emulation board has interface circuits for connecting to the ap- 
plication development system TDS400 and free space for mounting 
a small number of peripheral circuits. Fot the program memory, 
24-pin DIP sockets are provided so as to make it possible to use 
16K EPROM TMM323 (2716) unit. 

When this emulation board is connected with the TDS400, the 
user can choose to put the application program either into pro- 
gram memory (RAM) within the TDS400/xx or into EPROM on the 
emulation board. The former freely permits reading and reload- 
ing of program memory contents through the TDS400/x>: debugging 
console, making debugging of the application program during 
development very convenient. 
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The latter does not permit reading and writing of the applica- 
tion program contents. However, in either case the application 
program can easily be checked by using the function of the de- 
bugging console of TDS400/xx while monitoring or changing 
internal status of the microcomputer. 

When the emulation board is disconnected from the TDS400, 
EPROM within the board is automatically used as program memory 
and the board can be used as an independent emulation board. 

The BM4302/4602A makes a compact emulation boards, equipped 
with one/two 16K EPROM TMM323 -(2716) as program memory. This 
board is useful for field-testing the applied product, but lacks 
free space and an interface to TDS400. 

Each emulation board provides each microcomputer chip and 
a DIP-type equivalent connector. With the microcomputer chip 
removed from the application circuit (user system) and this 
connector connected with its place, operations can be performed 
as if a single-chip microcomputer were mounted. 



When the application circuit is simple and no application 
circuit board has been provided, system development and evalua- 
tion can be accomplished by mounting a peripheral circuit in 
the free space on the emulation board. 

Fig. 7 illustrates a concenptualized view of each using 
situation of these emulation boards. Optimum emulation board 
and evaluation means can be selected according to the evalua- 
tion objectives of the application system. 
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Table 1 Single-chip Microcomputer Emulation Board 



Board 
Name 


Evaluator 
Chip 


Program memory EPROM 


Oscil- 
lator 
(Hz ) 


Free 
Space 


Power 
Supply 
Required 


Remarks 


EPROM 


Ot. of 
Socket 


BM4303 


TMP4300C 


16 K (one) 


1 


I F T . 
(455K) 


Yes 


5V 


Can be used invidid- 
ually or connected 
TDS400/43 


BM4603B 


TCP4600AC 


16 K (two) 


2 


I F T 
(400K) 


Yes 


5V 


Can be used individ- 
ually or connected 
TDS400/46 


BM8403 


TMP 8039-6 


16 K (two) 


2 


Crystal 
6M 


Yes 


5V 


Can be used individ- 
ually or connected 
TDS400/84 
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Plug-in to TDS400 




DIP-type connector 

Fig. 6 Emulation Boards Conceptualized Drawings 

(Note: Ev-chip is an abbreviation of evaluator chip.) 
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Type of 
mounting for x 
the application^ 
circuit 
(Peripheral circuit)^ 



For plugging in the TDS400 
to verify operations. 
To mount application pro- 
gram in : 

o TDS400 program memory 
(RAM) or 

o Emulation board EPROM 



For verifying opera- 
tions of the applica- 
tion system by use of 
tie emulation board 
alone or for making 
field test. 



Verifying or dubugging 
operations of systems 
by replacing the micro- 
computer chip within 
the applicaiton cir- 
cuit board. 



Plugging in 
TDS400 




Micro- 
computer 



Power 
Supply 



Application 
circuit board 




Micro- 
computer 



Power 
Supply 



Application 
circuit board 



For verifying or de- 
bugging operations by 
mounting the micro- 
computer peripheral 
circuit of the applica- 
tion circuit on the free 
space. 



Plugging in 
TDS400 




Peripheral circuit 
of the application 
system 



Power 
Supply 



Peripheral cir- 
cuit of the ap- 
plication system 




Fig. 7 Examples of Emulation Board Usage 
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2. DEDICATED DEBUGGING SYSTEM 

2.1 SYSTEM CONCEPT 

The dedicated debugging system is formed by a combination of 
the debugging board (BM4304/4604/8404) and emulation board . 
The debugging board is a low cost development tool for debugging 
application software and hardware to which Toshiba's single- 
chip microcomputer is applied. For assembling a program, other 
means must be utilized. 

Fig. 8 shows the conceptualized drawing of this development 
system. In this drawing, the portions enclosed with solid lines are 
the units of minimum requirement for program debugging, while 
those enclosed with broken lines are the units supplied by user 
as required. The shaded portions which the cable connecting the 
debugging board to emulation board has been removed, indicate 
the structure to make it possible to execute application programs 
through EPROM on the emulation board. 

Mojor functions of the debugging board are as follows: 

(1) Real-time emulation possible. The program memory (RAM 4K 
bytes) of the debugging board is used as an application 
program memory. 

(2) The contents of the program memory can be read and written 
directly from the console. 

(3) The program loading can be performed from the written EPROM 
to the program memory. 

(4) Direct read and write can be performed to RAM, register 
and I/O device contained in the single-chip microcomputer 
in the same way as the program memory. 
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(5) 
(6) 

(7) 
(8) 
(9) 



Application .programs can he initiated from any address. 

Application programs can be stopped at any tine while in 
operation. 

Address-stop function provided. 
Single-step operation possible. 

1'seudo interrnnt signal can be entered through the debugging 
console. 
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Fig. 8 Conceptualized Drawing of Dedicated Debugging System 
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TOSHIBA CORPORATION 




TECHNICAL DESCRIPTION 



MICROCOMPUTER 



3. PRODUCTS CONFIGURATION FOR APPLICATION DEVELOPMENT SUPPORT SYSTEM 

Depending on the user's needs, the TDS400 and emulation board 
can be converted or expanded. For example, conversion of the 
TDS400/43 system to the TDS400/46 system can be accomplished by 
replacing BM4301A + BM4303 + SW4323 with BM4601A + BM4603B + SW 
4623, and vice versa. 

The optional I/O interface boards are common to al 1 the TDS400 
development systems. These interfaces can be attached directly to 
the supposed standard I/O equipment and/or auxiliary memory devices 
(See Fig. 1). Further, these equipment and devices are so designed 
as to be used without modification of the system software. 

Therefore, it is very convenient for user to keep various kinds 
of several emulation boards at hand in order to forward verification 
work of application systems smoothly. 
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PRODUCTS CONFIGURATION FOR APPLICATION DEVELOPMENT TOOL 



Fam- 
ily 


Model No. 


Description 


Configuration of 
Products 


Accompanying 
Materials 


Remarks 


Com- 
mon 
to 


TDS400 


Microcomputer appli- 
cation system 400 
(Toshiba MDS model 
400) 


BM4006A + SW4006A 
Optional board 
(BM4001 * 5) 


Refer to each 
system component 


Products name of com- 
bined system, periph- 
eral equipment is 
supplied by user. 




SW0051 


Paper tape output 
program/ACOS (PT out- 

nut" n i"o o am on Af^O^l 

put p L UgL allL I'll ' > i ■ i ' / 


Card image magnet- 
ic tape (9 tracks) 

r\ -f" criiiypo n o - v a m 
Ul OUULLC |» 1 U I dill 

(FORTRAN) 


SW0051 Instruc- 

Mnn mamta 1 

t-LUlI III L I U h I J 


For object output of 
cross assembler 

\ Jn AAJ -J ) 




SW0061 


Paper tape output 
program/NOVA (PT out- 
put program on NOVA) 


Paper tape (ASCII 
code) of source 
program (FORTRAN) 


SW0061 Instruc- 
tion manual 


For object output of 
cross assembler 
(SWxx63) 




BM4001 


64KB Indirect memory 


Board module (1) 


BM4001 Instruc- 
tion manual 


Mounted on BM4006A 




, 

BM4002 


General I/O interface 


Board module (1), 
intra-board con- 
nection cable (2) , 
connector board(l) 


BM4002 Instruc- 
tion manual 


Ditto 
RS232C, PTR, PTP 6. 
Printer 




• 

BM4003 


TV- Keyboard interface 


Board module (1), 
keyboard (1). intra- 
board connection 
cable (2) , con- 
nector board (1) 


BM4003 Instruc- 
tion manual 


Ditto 

Connected to NTSC type 
of TV set 




BM4004 


Floppy disk interface 


Board module (1) , 
intra-boad con- 
nection cable (1) 
connector board 
(1) 


BM4004 Instruc- 
tion manual 


Ditto 
Can be connected to 
two FD drives of 
single-sided single 
density 



o 

(0 

i 

> 

o 
o 

§ 
1 

o 
J) 
> 
-j 

o 
z 



Fam- 
ily 


Model No. 


Description^ 


Configuration of 
Products 


Accompanying 
Materials 


Remarks 


Com- 
mon 
to 


BM4005 


Digital cassette 
interface 


Board module (1) , 
intra-board con- 
nection cable (2) , 
connector board 
(1) 


BM4005 Instruc- 
tion manual 


Mounted on BM4006A 
Can be connected to 
two 10"/sec DC handlers 




BM4006A 


TDS4Q0 hardware 
main frame 


A set of TDS400 
basic hardware with 
power supply in 
cabinet 


BM4006A Instruc- 
tion manual 


EPROM writer with de- 
bugging console, serial 
port (1) 




SW4006A 


TDS400 system A 
monitor program 


EPR0M(8) (monitor 
program ,16K bytes) 


TDS400 System A 
operation manual, 
SW4006A instruc- 
tion manual 


System control program 
packed in main memory 
region of BM4006A 


43 


TDS400/43 


Toshiba MDS400 for 
TLCS-43 


TDS400 + EM4301A 
+ BM4303 + SW4323 


Refer to each 
system component 


Products name of com- 
bined system. Periph- 
eral equipment is sup- 
plied by user 




BM4301A 


TDS400/43 control- 
ler 


Board module (1) , 
EPROM (1) , (con- 
trol program, 2K 
bytes) 


TDS400/43 debugger 
operation manual, 
BM4301A Instruc- 
tion manual 


EPROM is repalced with 
a part of SVJ4006A in 
main memory area 




BM4303 


TLCS-43 emulation 
board 


Board module (1), 
EPROM (1), Cables 
(2) to LSI socket 


BM4303 Instruc- 
tion manual 


Board with functions 
equivalent to LSI of 
TLCS-43. With inter- 
face to TDS400 




BM4304 


TLCS-43 debugging 
board 


Board module (1) , 
cable (1) connect- 
ing with BM4303 


BM4303 debugging 
board operation 
manual. BM4303 
instruction manual 


Used for debugging by 
connecting with BM4303 



Faa- 

ily 


Mode 1 No . 


Description 


Configuration of 
Products 


Accompanying . 
Materials 


Remarks 


43 


SW432 3 


TLCS-43 assembler 
on TDS400 


EPROM (3) (Assembler 
program 6K bytes) 


TLCS-43 assembly 
language manual. 
SW4323 Instruc- 
tion manual 


Loaded from EPROM 
writer (/reader) of 
TDS400 




SW4353 


TLCS-43 cross as- 
sembler on ACOS 


Card image magnet- 
ic tape (9 tracks) 
of source program 
(FORTRAN) 


TLCS-43 assembly 
language manual. 
SW4353 Instruc- 
tion manual 


Used together with 
SW0051 




SW4363 


TLCS-43 cross as- 
sembler on NOVA 


Paper tape (ASCI I 
code) of source 
program (FORTRAN) 


TLCS-43 assembly 
language manual. 
SW4363 Instruc- 
tion manual 


Used together with 
SW0061 




SW4393S 
SW4393D 


TLCS-43 assembler/ 
iMDS 


Diskette(l) (ISIS- 

II file) 

S: single side 

single density. 
1): single side 

double density. 


TLCS-43 assembly 
language manual. 
SW4393S, D 
instruction manual 


Operates under ISIS- 
II 


46A 


TDS400/46 


TLCS-46A applica- 
tion development 


TDS400 + BM4601A + 
BM4603B + SW4623 


Refer to each 
system component 


Products name of com- 
bined system, periph- 
eral equipment is 
supplied by user. 




BM4601A 


TDS400/46 control- 
ler) 


Board module (1) , 
EPROM (1) (con- 
trol porgram 2K 
bytes) 


TDS400/46 debug- 
ger operation 
manual . 

BM4601A instruc- 
tion manual 


EPROM is replaced with 
a part of SW4006A in 
main memory area 



Fam- 
ily 


Model No. 


Description 


Configuration of 
Products 


Accompanying 
Materials 


Remarks 


46A 


BM4603B 


TLCS-46A emulation 
board 


EPROM (2), Cable 
(1) to LSI socket 


BM4603B Instruc- 
tion manual 


Board with functions 
equivalent to LSI of 
TLCS-46A. With inter- 
face to TDS400 




BM4604 


TLCS-46A debugging 
board 


Board module (1) , 
Cable (1) to BM4603B 


board Operation 
manual. BM4604 
instruction manual 


Used for debugging by 
connecting with BM4603B 




SW4623 


TLCS-46A assembler 
on TDS40f) 


EPROM (3) (assembler 
program 6K bytes) 


TLCS-46A assembly 
language manual. 

tion manual 


Loaded from EPROM 
writer (/reader) of 
TDS400 




SW4653 


TLCS-46A cross as- 
sembler on ACOS 


Card image magnet- 
ic tape (9 tracks) 
of source program 
(FORTRAN) 


TLCS-46A assembly 
language manual. 
SW4653 instruc- 
tion manual 


Used together with SW0051 




SW4663 


TLCS-46A cross as- 
sembler on NOVA 


Paper tape (ASCII 
code) of source 
program (FORTRAN) 


TLCS-46A assembly 
language manual. 
SW4663 instruc- 
tion manual 


Used together with SW0061 




SW4693S 
SW4693D 


TLCS-46A assembler 
on iMDS 


. Diskette (1) (ISIS- 
II file) 
S: single side 

single density. 
D: single side 

double density. 


language manual. 
SW4693S, D 
instruction manual 


Operates under ISIS-II 


84 


TDS400/84 


Toshiba MDS400 for 
TLCS-84 


TDS400 +BM8401A + 
BM8403 +SW8423A 


Refer to each 
system component 


Products name of com- 
bined system periph- 
eral equipment is sup- 
plied by user. 



Fam- 
ily 


Model No. 


Description 


Configuration of 
Products 


Accompanying 
Materials 


Remarks 


84 


BM8401A 


TDS400/84 controller 


Board module (.1; , 
EPROM (1) (control 
program 2K bytes) 


TDS400/84 debug- 
ging operation 
manual . 

BM8401A instruc- 
tion manual 


EPROM is replaced with 
a part of SW4006A in 
main memory region 




BM8403 


TLCS-84 emulation 
board 


Board module (1) , 
EPROM (1). Cable 
(1) to LSI socket 


BM8403 Instruc- 
tion manual 


DUuL U WJ.L11 J-LLIlt-L-LULlci 

equivalent to TMP8048, 
8049-6. With interface 
to TDS400 




BM8404 


TLCS-84 debugging 
board 


Board module (1) 
Cable (1) to 
BM8403 


BM8404 debugging 
board operation 
manual . BM8404 
instruction manual 


Used for debugging by 
connecting with BM8403 




SW8423A 


TLCS-84 assembler 
on TDS400 


EPROM (5) (assembler 
program 10K bytes) 


TLCS-84 assembly 
language manual. 
SW8423A instruc- 
tion manual 


Loaded from EPROM 
writer (/reader) of 
TDS400 




SW845 3 


TLCS-84 cross as- 
smebler on ACOS 


Card image magnet- 
ic tape (9 tracks) 
of source program 
(FORTRAN) 


TLCS-84 assembly 
language manual . 
SW8453 instruc- 
tion manual 


Used together with 
SW0051 


85 


SW8553 


TLCS-85 cross as- 
sembler on ACOS 


Card image magnet- 
ic tape (9 tracks) 
of source program 
(FORTRAN) 


TLCS-85 assembly 
language manual. 
SW8553 instruc- 
tion manual 


Used together with 
SW0051 



SW0051 PAPER TAPE OUTPUT PROGRAM / ACQS 



GENERAL DESCRIPTION 

This program outputs the object program translated with a cross assembler to 
the paper tape with various formats. 

The program can be loaded on the general-purpose computer ACOE600 or 700. 



PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 

(Card (IBM29 code) image of a source 
program written in FORTRAN (JIS7000, 
partially GMAP) ) . 

o SW0051 Instruction manual 




FEATURES AND MAIN SPECIFICATIONS 

(1) Using this program, paper tapes can be made up to be used for various 
EPROM writers, production system of masked ROMs, and application 
development system. 

(2) The formats of the object paper tape are divided broadly into 1-bit BNPF 
format and 4-bit hexadecimal expressing format.. 

(3) For the hexadecimal format, 8 formats can be specified by selecting the 
output system such as start and end symbols of data, and addressing and 
checksum modes. 

(4) Output range and block length can be specified. 

OPERATING ENVIRONMENT (Host Machine) 

Processing unit: ACOS600/700 with more than 64K words (mere than 17-bit 

words) 

Operating system: ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape-, line printer, card reader, 
paper tape punch, etc. 

OPERATING PROCEDURE 

Compile the program first and load it in the host system. According to OS 
from the host machine, specify the file and output format to operate the 
program. 

TECHNICAL MATERIALS 

(1) SW4353, SW4653, SW8453, SW8553 Instruction Manuals 

(2) ACOS600/700 FORTRAN Language Description 

(.3) ACOS600/700 Job Control Language (JCL) Description 
(4) ACOS600/700 IMCV Editing Program Manual 



SW0061 PAPER TAPE OUTPUT PROGRAM / NOVA 



GENERAL DESCRIPTION 

This program outputs the object program translated with a cross assembler to 

the paper tape with various formats. 

The program can be loaded on the micromputer NOVA. 



PRODUCT CONFIGURATION 

o Magnetic tape (ASCII code) 

(Source program written in FORTRAN 
(JIS7000)) 

o SW0061 Instruction Manual 




FEATURES AND MAIN SPECIFICATIONS 

(1) Using this program, paper tapes can be made up to be used for various 
EPROM writers, production system of masked ROMs, and application 
development systems. 

(2) The formats of the object paper tape are divided broadly into 1-bit BNPF 
format and 4-bit hexadecimal expressing format. 

(3) For the hexadecimal format, 8 formats can be specified by selecting the 
output systems such as start and end symbols of data, and addressing and 
checksum modes . 

(4) Output range and block length can be specified. 

OPERATING ENVIRONMENT (Host Machine) 

Processing unit: NOVA with more than 64K words (more than 16-bit words) 

Operating system: RDOS 

Peripheral equipment: Magnetic disk, line printer, console typewriter, paper 
tape reader, paper tape punch, etc. 

OPERATING PROCEDURE 

Compile the program first and load it in the host system. According to OS 
from the host machine, specify the file and output format to operate the 
program. 

TECHNICAL MATERIALS 

(1) SW4363, SW4663 Instruction Manuals 

(2) NOVA FORTRAN IV Description Manual (Data General) 

(3) NOVA RDOS Description Manual, CLI Series (Ditto) 

(4) NOVA RDOS Description Manual, System Utility Series (Ditto) 



BM4001 64KB INDIRECT MEMORY 



GENERAL DESCRIPTION 

A memory board of 64,536 bytes (64KB) to be mounted in TDS4C0 (BM4006A) . 
Generally this board is used as an auxiliary memory. 

PRODUCT CONFIGURATION 



o Board module 

o BM4001 Instruction Manual 




FEATURES AND MAIN SPECIFICATIONS 

(1) This memory can be used as a high-speed file memory. 

(2) Assembling or the like is simple and fast if this memory is used as a 
file to store a source program or an object program. 

(3) OS can specify this memory as a main memory. 

(4) Thirty-two 16K dRAMs (TMM416P-3) are provided for BM4001. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x 1A, -5V x 1mA, or 12V x 0.1A. 



OPERATING CONDITIONS 

The indirect memory is inserted in the slot "MEM2" within the TDS400 
(BM4006A) , being operated by OS (control program) from SW4006A or the like. 



TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 



BM4002 GENERAL I/O INTERFACE 



GENERAL DESCRIPTION 

An interface board through which RS232C type I/O device, PTR, PTP, and 
printer are connected to the TDS400. The connectors for four I/O devices are 
provided separately. 



PRODUCT CONFIGURATION 




FEATURES AND MAIN SPECIFICATIONS 

(1) Processing capability of the TDS400 can be sharply increased by the 
high-speed I/O device. 

(2) RS232C ports are available for console I/O devices. 

(3) 15 versions (50 - 9600 baud) can be selected for the baud rate of 
RS232C ports. 

(4) RS232C type I/O devices (e.g. ADD' s Model ADDS580) can be directly 
connected . 

(5) Paper tape reader PTR-400 (Ricoh Denshi Industry Co.) can be directly 
connected. 

(6) Paper tape punch TP-60 (Ricoh Denshi Industry Co.) can be directly 
connected. 

(7) Printer 1200Hy Type 1 (Diablo System Inc.) can be directly connected. 

(8) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(9) Approx. power dissipation is 5V x 0.7A, 12V x 0.1A, or -12V x 0.1A. 
OPERATING CONDITIONS 

The interface board is inserted in the slot "GIO" within the TDS400 (BM4006A) . 
Mount the connector board on the back panel of the TDS400 and connect each 
unit with the inter-board connection cable. Each I/O device must be 
connected to the connector board with the dedicated cable (user's supplied 
connector for the TDS400 has 25 pins) . The interface board is operated by OS 
(control program) of SW4006A or the like. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) CRT Terminal Model 580 Instruction Manual (Matsushita Electric Trading 
Co.) 

(4) RICOM PTR-400 READER Specifications (Ricoh Denshi Industry Co.) 

(5) RICOM TP-60 PERFORATOR Specification and Operating Manual 
(Ricoh Denshi Industry Co.) 

(6) Model 1200 Hytype 1 Printer Maintenance Manual (Diablo System Inc.) 



BM4003 TV -KEYBOARD INTERFACE 



GENERAL DESCRIPTION 

An interface board through which the NTSC system TV screen and a full 
keyboard are connected to the TDSAOO. That is, a CRT input/output device can 
be configured at low cost. 

PRODUCT CONFIGURATION 
o Board module 

o Connector board with RF module 
o Inter-board connection cable 
o Full keyboard with a cable 
o BM4003 Instruction Manual 





FEATURES AND MAIN SPECIFICATIONS 

(1) A low cost CRT input/output device usable for a console can be 
configured . 

(2) Using BM4003, NTSC system home TV set or a monitoring TV wet can be 
directly connected to the TDS400. 

(3) Full keyboard (KB-2) with touch-key system is packed. (ACSII 
specification) 

(4) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(5) Keyboard dimensions are 176mm * 345mm x 55mm. 

(6) Approx. power dissipation is 5V X 0.7A, -5V x 30mA, or 12V * 50mA. 
OPERATING CONDITIONS 

The interface board is inserted in the slot "TV" within the TDI5400 (BM4006A) . 
The connector board is installed on the back panel of the TDS400 to connect 
each unit with the inter-board connection cables. Then user's TV set (the 
cable is user-supplied) and full keyboard are connected. This makes the 
TDS400 operate as a console I/O device or TV (similar to CRT d:.splay) output 
device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) Toshiba Color TV 20G600 Instruction Manual 



BM4004 FLOPPY DISK INTERFACE 



GENERAL DESCRIPTION 

An interface board through which two floppy disk drives (standard 8" single- 
sided single density) are connected to the TDS400. 

PRODUCT CONFIGURATION 



FEATURES AND MAIN SPECIFICATIONS 

(1) Mass storage (256K bytes/disk) random file can be made up by using 
BM4004 floppy disk interface. 

(2) BM4004 controls two sets of floppy disk drive ND-10 (standard 8" 
single-sided single density). 

(3) At least four sets of floppy disk drive can be controlled by using two 
boards of BM4004. However, the drivers, to the number of two, can be 
used for SW4006A. 

(4) Available is a couple of floppy disk drive AFD-002 (Asia Mfg. Co.) which 
can be directly connected to the TDS400. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x 0.5A. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "FDC1" within the TDS400 
(BM4006A) . The connector board is installed on the back panel of the TDS400 
to connect each unit with the inter-board connection cable. The drive units, 
such as AFD-002A, are connected to the TDS400. The drive units are operated 
by a command from the console I/O device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) AFD-002A Instruction Manual (Asia Mfg. Co.) 



o 



o 



o 







Board module 1 

Connector Board 1 

Inter-board connection cable 1 

BM4004 Instruction Manual 1 




BM4005 DIGITAL CASSETTE INTERFACE 



GENERAL DESCRIPTION 

An interface board through which two digital cassette handlers (10"/sec) are 
connected to the TDS400. 

PRODUCT CONFIGURATION 



FEATURES AND MAIN SPECIFICATIONS 

(1) Mass storage sequential file can be made up by using BM4J05 digital 
cassette interface. 

(2) Two sets of digital cassette handlers CP-100EB (Toshiba- topex 800BPI, 
10"/sec) can be controlled by using the BM4005. 

(3) Available is a couple of digital cassette handler ADC-001A (Asia Mfg. 
Co.) which can be directly connected to the TDS400. 

(4) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(5) Approx. power dissipation is 5V x 0.8A. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "DCC" within the TDS400 
(BM4006A) . The connector board is installed on the back panel of TDS400 to 
connect each unit with the inter-board connection cable. Then the handler, 
such as model ADC-001A, is connected to the TDS400. The handler is operated 
by a command from the console I/O device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) ADC-001A Instruction Manual (Asia Mfg. Co.) 



o Board module 1 

o Connector board 1 

o Inter-board connection cable 2 

o BM4005 Instruction Manual 1 




BM4006A TDS400 HARDWARE MAINFRAME 



GENERAL DESCRIPTION 

A basic hardware of microcomputer development system used for developing 
various microcomputer application system and application softwares. The 
system configuration is convenient for consecutively performing application 
software production, edit assembling, application system debugging, and test 
evaluation, etc. 




(1) The control display panel of debugging console is provided in front of 
the mainframe. 

(2) Reader/writer for EPROM (equivalent to TMM323, 2714) is equipped with 
the TDS400. 

(3) Console I/O interface (serial transmission, 50 ^ 9,600 baud) is provided 
in the TDS400. 

(4) The main memory consists of 48K-byte RAM and 16K-byte EPROM (socket). 
A monitor program (e.g. SW4006, option) is mounted in the EPROM. 

(5) By installing optional interface boards, various peripheral equipment 
can be connected to the mainframe. 

(6) Real-time debugging of application system, such as TLCS-43/46A/84, is 
available by exchanging some interface boards of EPROMs (control 
programs) . 

(7) Frame dimensions are 470mm (W) * 580mm (L) * 295mm (H) . 

(8) Approx. power dissipation is AC100V (50 or 60Hz) , 350VA (Max.). 

OPERATING CONDITIONS 

By loading TDS400 monitor program (SW4006A) for system control, and by 
connecting the console I/O device such as teletypewriter (user-supplied), a 
minimum system can be configured. A system more usable can be built up by 
mounting various interface boards and by connecting peripheral equipment. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) SW4006A Instruction Manual 

(3) BM4001, BM4002, BM4003, BM4004 and BM4005 Instruction Manuals 

(4) BM4301A, BM4601A and BM8401 Instruction Manuals 

(5) Typuter MODEL-502 Type Specification (CASIO Computer) 



SW4006A TDS400 SYSTEM A MONITOR PROGRAM 



GENERAL DESCRIPTION 

A resident program within the EPROM of the TDS400 main memory. This system 
program can be used for various processing operations according to the 
command from the console I/O device. 

PRODUCT CONFIGURATION 

o EPROM (TMM323) 8 



(16K-byte program) 
o TDS400 System A Operation Manual 1 
o SW4006A Instruction Manual 1 




FEATURES AND MAIN SPECIFICATIONS 

(1) This program facilitates creation, modification, and edit of source 
program for application systems. 

(2) Control programs for the peripheral equipment, such as floppy disk, are 
contained in the monitor program. 

(3) Assemblers and compilers are provided for various types of 
microcomputers (option) . 

(4) Loading'or modifying the object programs of application fiystems as well 
as reading or writing into EPROM can be performed. 

(5) This is a resident program within a main memory EPROM, so that it 
operates immediately after the power is turned on. 

OPERATING ENVIRONMENT 

Processor : BM4006A (48K-byte RAM) and optional board 

modules. 

Console I/O device : Teletypewriter, etc. 

Optional peripheral equipment: Floppy disk, CRT, printer, PTR, PTP, digital 

cassette, etc. 

OPERATING -PROCEDURE 

Insert the eight EPROMs in EPROM sockets, according to their corresponding 
numbers, on the BM4008 board of "MEM1" slot within BM 4006A. Select the I/O 
device used as a system console, and input the command from this console to 
control the operating system. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM4001, BM4002, BM4003, BM4004 and BM4005 Instruction Manuals 



BM4301A TDS400/43 CONTROLLER 



GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/43 debugger. It can 
debug the application systems (software and hardware) of the TLCS-43 by 
connecting BM4303 (TLCS-43 emulation board). 



PRODUCT CONFIGURATION 



Board module 
EPROM (TMM323) 
TDS400/43 debu; 
manual 

BM4301A Instruction Manual 



(Control program) 
ger operation 





FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM4303. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 
function) . 

(3) Direct read/write of the registers and RAMs contained in the CPU, and 
program memory (corresponding to ROM) within this board can be 
performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided . 

(5) Module dimensions are 180mm x 230mm * approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x 1.3A, -5V x 30mA, or 12V x 50mA. 
OPERATING CONDITIONS 

This board is inserted in slot "43C/46C" within the TDS400 (BM4006A) . The 
control program is loaded in the BM4008 board of slot "MEM1" where EPROM No. 
7 is mounted after having removed EPROM. BM4303 and application system 
(board) are connected to this board, which is operated by controlling the 
TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM4303 Instruction Manual 

(3) TDS400 System A Operation Manual 



BM4303 TLCS-43 EMULATION BOARD 



GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single- 
chip microcomputer LSI of TLCS-43 series. Interface circuit i:i provided in 
this board for being connected to the host system (TDS400, BM4 S04) . EPROM 
(for 2K bytes) can be installed as a program ROM. 




FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TMP4310, 
TMP4315 or TMP4320. 

(2) 2 K-byte EPROM can be installed as a program ROM. 

(3) Interface circuit to be connected to the TDS400 (BM4301A) or BM4304, and 
free space (for mounting application system circuit or in:erface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the applicarion program 
stored on these units. 

(5) This emulation board has a function capable of executing :he application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is 
also operated as an independent emulation board. 

(7) Module dimensions are 230mm x 230mm x approx. 30mm. 

(8) Power dissipation is less than 5V (±5%) x 0.5A. (Extra 12V and -5V 
power supplies are required when using 8K-bit EPROM.) 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 
board, and two cables from the board is inserted in the sockets of the 
microcomputer LSI of application system. The power supply (us ir-supplied) 
and host system (TDS400 or BM4304) are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TDS400/43 Debugger Operation Manual, BM4301A Instruction Manual 

(4) BM4304 Debugging Board Operation Manual, BM4304 Instruction Manual 



BM4304 TLCS-43 DEBUGGING BOARD 



GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-43. The debugging system of the TLCS-43 is made up by 
connecting it to the BM4303 (TLCS-43 emulation board). 

PRODUCT CONFIGURATION 

o Board module 
o BM4303 connection cable 
o BM4304 debugging board operation 
Manual 

o BM4304 Instruction Manual 





FEATURES AND MAIN SPECIFICATIONS 

(1) BM4304 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TMP4300) of BM4303 
after having been transmitted to the EPROM program memory within this 
board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 

(5) Application program can be started with any address and stopped at any 
time. 

(6) Address stop and single step operation functions are provided. 

(7) Dummy interrupt signals can be generated from the console on the board. 

(8) Module dimensions are 300mm * 300mm x approx. 30mm. 

(9) Power dissipation is less than 5V (±5%) » 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM4303 that have been connected to the 
application system. The application program is written in EPROM, and EPROM 
is installed on the BM4304 board. The power (user-supplied) is turned on and 
the instructions from the console on BM4304 board are given to operate the 
system. 

TECHNICAL MATERIALS 



(1) BM4303 Instruction Manual 



SW4323 TLCS-43 ASSEMBLER/TDS400 



GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-43. 
The TDS400 (Microcomputer Developing System 400) is used for operating this 
assembler. 



PRODUCT CONFIGURATION 

o EPROM (TMM323) 

(Assembler program) 
o TLCS-43 Assembler Language Manual 
o SW4323 Instruction Manual 




FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 7 assembler directives and 35 instructions 

(6) Source program can be input from any input device. 

(7) Assemble list can be output to any output device. 

(8) Object program is created as a ROM image in the TDS400. The TDS400 can 
output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor : TDS400 (48K-byte RAM) 

Operating system : System A monitor program (SW4006A) 
Peripheral equipment: Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

OPERATING PROCEDURE 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itselj' should be lo 
loaded in the EPROM writer socket on the front panel of the TDS400. 



TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected subprograms 

(4) TDS400 System A Operation Manual 



SW4353 TLCS-43 CROSS ASSEMBLER/ACOS 



GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-43. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 

(Card (IBM29 code) image of source 

program written in FORTRAN 

(JIS7000, partially GMAP) 
o TLCS-43 Assembler Language Manual 
o SW4354 Instruction Manual 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 38 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 




OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 
Operating system : ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), 
etc. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected subprograms 

(4) SW0051 Instruction Manual 

(5) ACOS600/700 FORTRAN Language Description 

(6) ACOS600/700 Job Control Language (JCL) Description 
460 (7) ACOS600/700 IMCV Edit Program Description 



SW4363 TLCS-43 CROSS ASSEMBLER/NOVA 



GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-43. Mini-computer NOVA can be used to load the program. 

PRODUCT CONFIGURATION 

.J 

i 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to 100 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) -16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 38 instructions. 



o Paper tape (ASCII code) 1 

(Source program written in 

FORTRAN (JIS7000)) 
o TLCS-43 Assembler Language Manual 1 
o SW4363 Instruction Manual 1 



(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the different paper 
tape output program/NOVA (SW0061), this program can be ojtput to paper 
tapes in various formats. 



OPERATING ENVIRONMENT 

Processor : NOVA with more than 32K-words. (16-bit words) 

Operating system : RDOS 

Peripheral equipment: Magnetic disk, line printer, console typewriter, paper 
tape reader, (and paper tape punch), e:c. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, specify various files to perform assembling. 



TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected Subprograms 

(4) SW0061 Instruction Manual 

(5) NOVA FORTRAN IV Description Manual (Japan Data General) 

(6) NOVA RDOS Description Manual, CLI Series (Ditto) 

(7) NOVA RDOS Description Manual, System Utility Series (Ditto) 461 



SW4393S, SW4393D TLCS-43 ASSEMBLER/iMDS 



1=1 



GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-43. 
The intellec MDS is used for operating this assembler. 

PRODUCT CONFIGURATION 

o Diskette Note) 1 

(Assembler program ISIS-II file) 
o TLCS-43 Assembler Language 1 

Manual 

o SW4393S, SW4393D Instruction 1 
Manual 

Note) SW4393S is of single-sided 
single density. 
SW4393D is of single-sided 
double density. 




FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 600 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 7 assembler directives and 35 instructions. 



(6) The source program is input from ISIS-II diskette file. 

(7) Assemble list can be output to any output device. 

(8) The object program is created on the diskette in format I (Intel hexade- 
cimal format) or format M (masked ROM production format). This program 
can be punched out to the paper tape by COPY command from ISIS-II, and 
also can be directly written in the EPROM. 

OPERATING ENVIRONMENT 

Processor : iMDS with more than 32K bytes 

Operating system :' ISIS-II 

Peripheral equipment: Console I/O device (e.g. teletypewriter), floppy disk, 
optional CRT, printer, PTR, PTP, PROM programmer, etc. 



OPERATING PROCEDURE 

Copy the program to the system diskette. Then specify the file and assembler 
parameter according to the OS from the host machine. 



TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected Subprograms 

(4) ISIS-II System User's Guide (Intel) 



BM4601A TDS400/46 CONTROLLER 



GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/46 debugger. It can 
debug the application systems (software and hardware) of the TLCS-46A by con- 
necting BM4603B (TLCS-46 emulation board). 

FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this boar! or in the 
EPROM on BM4603B. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 
function) . 

(3) Direct read/write of the registers and RAM contained in :he CPU, and 
program memory (corresponding to ROM) within this board can be performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt sign.il input, are 
provided . 

(5) Module dimensions are 180mm * 230mm * approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x i.3 A , -5V x 30mA, or 12V x 50mA. 
OPERATING CONDITIONS 

This board ,is inserted in slot "43C/46C" within the TDS400 (BM' 006A) . The 
control program is loaded in the BM4008 board of slot "MEM1" where EPROM No. 
7 is mounted after having removed EPROM. BM4603B and application system 
(board) are connected to this board, which is operated by controlling the 
TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction-Manual 

(2) BM4603B Instruction Manual 

(3) TDS400 System A Operation Manual 



PRODUCT CONFIGURATION 

o Board module 1 

o EPROM (TMM323) 1 

(Control program) 

o TDS400/46 Debugger 1 

Operation Manual 

o BM4601A Instruction Manual 1 



BM4603B TLCS-46A EMULATION BOARD 



GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single- 
chip microcomputer LSI of TLCS-46A series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, BM4604) . EPROM 
(for 4K bytes) can be installed as a program ROM. 




FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TCP4620A, 
TCP4630A or TCP4620B. 

(2) 4K-byte EPROM can be installed as a program ROM. 

(3) Interface circuit to be connected to the TDS400 (BM4601A) or BM4604, and 
free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is also 
operated as an independent emulation board. 

(7) Module dimensions are 230mm x 230mm x approx. 30mm. 

(8) Power dissipation is less than 5V (±5%) x 0.5A. (Extra 12V and -5V 
power supplies are required when using 8K-bit EPROM.) 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 
board, and two cables from the board is inserted in the sockets of the 
microcomputer LSI of application system. The power supply (user-supplied) 
and host system (TDS400 or BM4604 are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TDS400/46 Debugger Operation Manual, BM4601A Instruction Manual 

(4) BM4604 Debugging Board Operation Manual, BM4604 Instruction Manual 



BM4604 TLCS-46A DEBUGGING BOARD 



GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-46A. The debugging system of the TLCS-46A is made up by 
connecting it to the BM4603B (TLCS-46A emulation board). 




PRODUCT CONFIGURATION 



li 

FEATURES AND MAIN SPECIFICATIONS 

(1) BM4604 board is provided with a console unit consisting o: a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TCP4600A) of BM4603B 
after having been transmitted to the EPROM program memory within this 
board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomp jter LSI is 
available. 

(4) Application program can be modified with machine code levsl. 

(5) Application program can be started with any address and stopped at any 
time. 

(6) Address stop and single step operation functions are provided. 

(7) Pseudo interrupt signal can be generated from the console on the board. 

(8) Module dimensions are 300mm x 300mm x approx. 30mm. 

(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM4603B that have been connected to the 
application system. The application program is written in EPROM, and EPROM 
is installed on the BM4604 board. The power (user-supplied) is turned on and 
the instructions from the console on BM4604 board are given to operate the 
system. 



o Board Module 1 

o BM4603B Connection cable 1 

o BM4604 Debugging board 1 

operation manual 

o BM4604 Instruction manual 1 



TECHNICAL MATERIALS 



(1) BM4604B Instruction Manual 



SW4623 TLCS-46A ASSEMBLER/TDS400 



GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS- 
46A. TDS400 (Microcomputer Developing System 400) is used for operating 
this assembler. 



PRODUCT CONFIGURATION 

o EPROM (TMM323) 

(Assembler program) 

o TLCS-46A Assembly 
language manual 

o SW4623 Instruction manual 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 950 symbols (name) each of. which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 13 reserved symbols are provided for I/O port name or the like. 

(4) + and - are available for operators. 

(5) Provided are 6 assembler directives and 53 instructions. 

(6) Source program can be input from any input device. 

(7) Assemble list can be output to any output device. 

(8) Object program is created as a ROM image in the TDS400. The TDS400 can 
output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor : TDS400 (48K-byte RAM) 

Operating system : System A monitor program (SW4006A) 
Peripheral equipment: Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

OPERATING PROCEDURE 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) TDS400 System A Operation Manual 



SW4653 TLCS-46A CROSS ASSEMBLER/ ACOS 



GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-46A. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 

(Card (IBM29 code) image of 

source program written in 

FORTRAN (JIS700, partially GMAP) 
o TLCS-46A Assembly Language 1 

Manual 

o SW4653 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for I/O port name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 53 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 

OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 
Operating system : AC0S-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), etc. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) SW0051 Instruction Manual 

(5) ACOS600/700 FORTRAN Language Description 

(6) ACOS600/700 Job Control Language (JCL) Description 

(7) ACOS600/700 IMCV Edit Program Description 





SW4663 TLCS-46A CROSS ASSEMBLER/NOVA 



GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-46A. Mini-computer NOVA can be used to lead the program. 



PRODUCT CONFIGURATION 

o Paper tape (ASCII code) 1 <«► 



(Source program written in 
FORTRAN (JIS7000)) 
TLCS-46A Assembly Language 
Manual 

SW4363 Instruction Manual 



ft? 




FEATURES AND MAIN SPECIFICATIONS 

(1) Up to 100 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 13 reserved symbols are provided for I/O port name or the like.. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 53 instructions.. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the different paper 
tape output program/NOVA (SW0061) , this program can be output to paper 
tapes in various formats. 



OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment 



NOVA with more than 32K-words- (16-bit words \ 
RDOS 

Magnetic disk, line printer, console typewriter, 
paper tape reader, (and paper tape punch), etc. 



OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, specify various files to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) SW0061 Instruction Manual 

(5) NOVA FORTRAN IV Description Manual (Data General) 

(6) NOVA RDOS Description Manual, CLI Series (Ditto) 

(7) NOVA RDOS Description Manual, System Utility Series (Ditto) 



SW4693S, 4693D TLCS-46A ASSEMBLER/ iMDS 



GENERAL DESCRIPTION 

A cross assembler used for developing the application progran of the TLCS- 
46A. The intellec MDS is used for operating this assembler. 

PRODUCT CONFIGURATION 

„. , „ Note) 
o Diskette 

(Assembler program 

ISIS-II file) 
o TLCS-46A Assembley 

Language Manual 
o SW46935, SW4693D Instruction 

Manual 

Note) SW4693A is of single-side, 
single density. 
SW4693D is of single-side, 
double density. 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 600 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 13 reserved symbols are provided for I/O port name or t'le like. 

(4) + and - are available for operators. 

(5) Provided are 6 assembler directives and 53 instructions. 

(6) The source program is input from ISIS-II diskette file. 

(7) Assemble list can be output to any output device. 

(8) The object program is created on the diskette in format I (Intel 
hexadecimal format) or format M (masked ROM production format) . This 
program can be punched out to the paper tape by COPY conmand from 
ISIS-II, and also can be directly written in the EPROM. 

OPERATING ENVIRONMENT 

Processor : iMDS with more than 32K bytes 

Operating system : ISIS-II 

Peripheral equipment: Console I/O device (e.g. teletypewriter), floppydisk, 
optional CRT, printer, PTR, PTP, PROM programmer, etc. 

OPERATING PROCEDURE 

Copy the program to the system diskette. Then specify the file and assembler 
parameter according to the OS from the host machine. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) ISIS-II System User's Guide (Intel) 




BM8401A TDS400/84 CONTROLLER 



GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/84 debugger. It can 
debug the application systems (software and hardware) of the TLCS-84 by 
connecting BM8403 (TLCS-84 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 

o EPROM (TMM323) 1 

(Control program) 

o TDS400/84 Debugger operation 1 

manual 

o BM8401A Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM8403. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 func- 
tion) . 

(3) Direct read/write of the registers and RAM contained in the CPU, and 
program memory (corresponding to ROM) within this board can be 
performed . 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are 180mm x 230mm * approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V * 1A. 

OPERATING CONDITIONS 

This board is inserted in slot "43C/46C" within the TDS400 (BM4006A) . The 
control program is loaded in the BM4008 board of slot "MEM1" where EPROM No. 
7 is mounted after having removed EPROM. BM8403 and application system 
(board) are connected to this board, which is operated by controlling the 
TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM8403 Instruction Manual 

(3) TDS400 System A Operation Manual 




BM8403 TLCS-84 EMULATION BOARD 



GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single- 
chip microcomputer LSI of TLCS-84 series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, EMS 404 ) . EPROM 
(for 4K bytes) can be installed as a program ROM. 



PRODUCT CONFIGURATION 

o Board module 

o EPROM (TMM323) 

o LSI socket connection cable 

o BM8403 Instruction Manual 




FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TM8048 or 
TMP8049. The emulator chip is TMP8039-6. 

(2) 4K-byte EPROM can be installed as a program ROM. 

(3) Interface circuit to be connected to the TDS400 (BM8401A) or BM8404, and 
free space (for mounting application system circuit or interface) are 
provided, in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is 
also operated as an independent emulation board. 

(7) Module dimensions are 180mm x 230mm x approx. 30mm. 

(8) Power dissipation is less than 5V (±5%) x 0.5A. 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is nounted on this 
board, and two cables from the board is inserted in the sockets of the micro- 
computer LSI of application system. The power supply (user-supplied) and 
host system (TDS400 or BM8404) are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated .Circuit Technical Data 

(2) TDS400/84 Debugger Operation Manual, BM8401A Instruction Manual 

(3) BM8404 Debugging Board Operation Manual, BM8404 Instruction Manual 



BM8404 TLCS-84 DEBUGGING BOARD 



GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-84. The debugging system of the TLCS-84 is made up by 
connecting it to the BM8403 (TLCS-84 emulation board). 



PRODUCT CONFIGURATION 

o Board module 

o BM8403 Connection cable 

o BM8404 Debugging board 

Operation Manual 
o BM8404 Instruction Manual 





FEATURES AND MAIN SPECIFICATIONS 

(1) BM8404 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TMP8035, TMP8039-6) of 
BM8403 after having been transmitted to the EPROM program memory within 
this board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 

(5) Application program can be started with any address and stopped at any 
time. 

(6) Address stop and single step operation functions are provided. 

(7) Dummy interrupt signals can be generated from the console on the board. 

(8) Module dimensions are 300mm x 300mm * approx. 30mm. 

(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM8403 that have been connected to the applica- 
tion system. The application program is written in EPROM, and EPROM is 
installed on the BM8404 board. The power (user-supplied) is turned on and 
the instructions from the console on BM8404 board are given to operate the 
system. 

TECHNICAL MATERIALS 



(1) BM8403 Instruction Manual 



SW8423A TLCS-84 ASSEMBLER/TDS400 



GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-84. 
The TDS400 (Microcomputer Developing System 400) is under for operating this 
assembler. 



PRODUCT CONFIGURATION 

o EPROM (TMM323) 5 




FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 950 symbols (name) each of which consists Df less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 34 reserved symbols are provided for register name or tha like. 

(4) + and - are available for operators. 

(5) Provided are 6 assembler directives and 108 instructions. 

(6) Source program can be input from any input device. 

(7) Assemble list can be output to any output device. 

(8) Object program is created as a ROM image in the TDS400. The TDS400 can 
output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor : TDS400 (48K-byte RAM) 

Operating system : System A monitor program (SW4006A) 
Peripheral equipment: Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

OPERATING PROCEDURE 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 

(2) TDS400 System A Operation Manual 
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SW8453 TLCS-84 CROSS ASSEMBLER/ ACQS 



GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-84. General-purpose computer AC0S600 or 700 can be used to load the 
program. 

- PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 

(Card (IBM29 code) 

image of source program written 

in FORTRAN (JIS7000, 

partially GMAP) 
o TLCS-84 Assembly Language 1 

Manual 

o SW8453 Instruction Manual 1 





FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 34 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 108 instructions. 



(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program AC0S (SW0051), this program can be output to paper tapes 
in various formats. 

OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 
Operating system : ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), etc. 

- 

OPERATING PROCEDURE 

First, compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 

(2) SW0051 Instruction Manual 

(3) ACOS600/700 FORTRAN Language Description 

(4) ACOS600/700 Job Control Language (JCL) Description 

(5) ACOS600/700 IMCV Edit Program Description 



SW8553 TLCS-85 CROSS ASSEMBLER/ ACQS 



GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-85. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION iflWBBfeh. 

o Magnetic tape (9 trucks) 1 
(Card (IBM29 code) image of 
source program written in 
FORTRAN (JIS 7000, 

partially GMAP) ) _ 
o TLCS-85 Assembly Language 1 
Manual 

o SW8553 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 10 reserved symbols are provided for register name or the like. 

(4) 11 arithmetic and logical operators are available. 

(5) Provided are 13 assembler directives and 113 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 




OPERATING ENVIRONMENT 
Processor : 

Operating system : 
Peripheral equipment: 



AC0S600 or 700 with more than 64K-^words 

(more than 17-bit words) 

AC0S-6 

Magnetic disk, magnetic tape, line printer, card 
reader, paper tape reader, (and paper tape punch), etc. 



OPERATING PROCEDURE 

First, compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) - TLCS-85 Integrated Circuit Technical Data 

(2) SW0051 Instruction Manual 

(3) ACOS600/700 FORTRAN Language Description 

(4) ACOS600/700 Job Control Language (JCL) Description 

(5) ACOS600/700 IMCV Edit Program Description 
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